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ABSTRACT OF DISSERTATION 
 
 
 
 
USING SOCIAL NETWORKING SITES DURING PUBLIC HEALTH CRISES:  
THEORIZING THE DIFFUSION OF EFFECTIVE MESSAGES 
 
During a public health crisis, officials need to communicate with the public 
quickly and accurately. Social networking sites (SNS) have been identified as an 
appropriate channel for this type of communication; however, few studies have examined 
what makes SNS messages effective. Further limiting research in this area is a lack of 
attention to theoretical constructs that may explain message effectiveness in SNS.  
 
In this dissertation, I propose that diffusion of innovations (DOI) be used to 
understand SNS and message success on SNS. In doing so, I compare traditional message 
success (persuasion) to message success on SNS platforms (amplification) and provide a 
brief overview of relevant message design constructs. I then conduct a study to analyze 
Twitter messages from state and local health departments and federal government 
agencies charged with communicating to the public during a public health crisis to test 
these theoretical claims and identify message elements that increase SNS message 
amplification. The context of the study is the fall 2014 Ebola crisis in the United States.  
The messages are first classified using content analysis methods to identify message 
design elements related to content, structure, and style. The success of those elements, in 
terms of the influence they have on messages amplification, is then evaluated using 
negative binomial regression.  
 
The results suggest that specific content (hazard information, response instruction, 
and official action), effective structure (word and image graphics), and key style choices 
(using figurative language, one hashtag or a keyword hashtag, and the first person) 
improve the amplification value of a message. Other choices, like mentioning another 
user, reduce the amplification value. These findings add to the evidence that suggests that 
DOI enhances scholars’ understanding of communication on SNS. In addition, the results 
demonstrate that messages can be conceptualized as innovations, and, as such, their 
characteristics influence the likelihood that they will be diffused through SNS platforms. 
The results suggest that those charged with communicating during a public health crisis 
use specific message strategies for SNS messages. These strategies include 
recommendations related to message content, message structure, and message style. 
Finally, the results suggest that scholars should continue research to understand the 
relationship between message design and message amplification in order to improve our 
knowledge of communication on SNS and help practitioners identify effective 
communication practices on this new and important channel. Research should also 
examine the relationship between persuasion and amplification in order to understand 
how amplification influences attitudes, behavioral intentions, and behavior in both those 
who amplify the message and in those who receive the message as a result of that 
amplification. 
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Chapter One: Introduction and Rationale 
The Potential of SNS for Effective Communication during a Public Health Crisis 
 When a public health crisis emerges, research in risk and crisis communication 
points to the need for the rapid communication of information in order to allow 
individuals to respond appropriately and take action to protect themselves (Reynolds & 
Seeger, 2005). Social networking sites (SNS) have been identified as a potential channel 
for this type of communication (Veil, Buehner, & Palenchar, 2011), and their use by the 
lay public and official organizations during health and related crises is well documented 
(e.g., Fraustino, Liu, & Jin, 2012; Sutton et al., 2013; Vos & Buckner, 2016). The Centers 
for Disease Control and Prevention’s (CDC’s) most recent version of its manual for 
handling crises argues that social media – Facebook and Twitter, in particular – are often 
the first place that news of a public health disaster is shared (Reynolds & Seeger, 2014). 
As a result, organizations charged with communicating with the public need to use these 
platforms effectively to disseminate messages that facilitate sensemaking about the event 
and encourage appropriate response. However, little research exists that identifies how 
these organizations can make their messages effective in terms of how they are 
distributed on SNS.   
Within the health communication literature, the potential for communicating 
effective health messages on SNS platforms has been heralded in journal editorials and 
reviews of existing research (Bardus, 2011; Chou, Prestin, Lyons, & Wen, 2013; Korda 
& Itani, 2013).  In a review of articles discussing the potential of SNS platforms, Chou et 
al. (2013) identified three common reasons given by other researchers to explain why 
these platforms may facilitate effective health communication: (a) the large number of 
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people who use them, (b) the interactive nature of the platforms, and (c) the low cost to 
distribute messages. However, to date, little research has examined how to best design 
messages to capitalize on the unique features of the SNS environments.  
Existing meta-analyses and systematic reviews suggest that SNS messages have 
the potential to increase the success of health behavior change interventions (Laranjo et 
al., 2014; Maher et al., 2014); however, this work has yet to identify specific message 
design strategies to increase message diffusion, let alone how these strategies might be 
different during a public health crisis. The guidance that does exist for communicating on 
SNS during a public health crisis has been based on analogies between current research 
on best practices in crisis communication and SNS as a platform (Veil et al., 2011) and 
research on best practices in health communication and SNS as a platform (CDC’s guide 
to writing for social media, 2012). Although previous studies have examined the presence 
of health messages on SNS during a public health crisis (Sutton, League, Sellnow, & 
Sellnow, 2015; Vos & Buckner, 2016) and influence on SNS (Suh, Hong, Pirolli, & Chi, 
2010; Sutton et al., 2013), more research is needed to identify how message design 
contributes to the influence of messages on SNS during public health crises. In addition, 
the relationship between message design and the message’s distribution through a 
network has not been theorized. Understanding this relationship at a theoretical level will 
allow scholars to identify key elements in the process and apply those findings across 
events and contexts.  
In the following dissertation, I argue that scholars may employ diffusion of 
innovations (DOI: Rogers, 2003) to conceptualize the influence and reach of health 
messages on SNS and, in doing so, conceptualize messages as the innovations. In doing 
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so, I draw attention to the importance of message design for increasing the amplification 
– or reach – of a message on SNS.  
Message design is the study of the structure, style, and content that make up a 
message and contribute to (or detract from) the influence of the message in terms of its 
effect on the receiver. In message design studies, message success is usually measured by 
assessing changes in attitudes, behavioral intentions, and behavior (O’Keefe, 2013). In 
research on SNS, however, message success is measured as amplification, or the number 
of times a message is shared by other users (Malhotra, Malhotra, & See, 2012; Suh et al., 
2010). For the purposes of this study, I evaluate the success of message elements by their 
ability to influence message amplification.   
From a communication and crisis preparedness perspective, messages sent during 
a crisis introduce novel information into a built communication environment. From a 
DOI (Rogers, 2003) perspective, these messages can be conceptualized as innovations, or 
information-only technologies, that are spread through networks as individuals share 
messages with their networks. The diffusion of any innovation depends not only on the 
social system (in this case, the overlapping networks of an SNS platform) and the 
individuals diffusing the innovation (the sender) but also on the characteristics of the 
innovation itself. I argue that SNS messages be conceptualized as innovations and 
identify message characteristics that enhance the diffusion of messages on SNS.  
  In the following chapters, I discuss SNS as a communication platform, theoretical 
constructs and research on DOI, and the application of DOI to SNS and message design. I 
then hypothesize how specific message design elements influence the amplification of 
messages on SNS. I test these hypotheses by examining Twitter messages sent by local 
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and state public health departments and federal agencies charged with communicating 
during a public health event (e.g., the CDC) during the October 2014 Ebola crisis in the 
United States.  I use content analysis methods to identify relevant message design 
elements (Slater & Valkenburg, 2015) and then use negative binomial regression (Hilbe, 
2011) to analyze the contribution of those characteristics on message amplification. The 
results support the conceptualization of messages as innovations and, in doing so, support 
the application of DOI (Rogers, 2003) to theorize the diffusion of messages on SNS. This 
study adds to the existing research by identifying a theoretical basis for the importance of 
message design on SNS. At a practical level, this study identifies how specific message 
strategies influence the amplification of a message about a health-related crisis on SNS 
and, in doing so, increase the reach and exposure of the message.  
At the time of a health-related crises, messages matter. They have the potential to 
save lives by changing how people respond. This study identifies how message can be 
more effectively designed for distribution on SNS, and the results suggest that the 
amplification of a message (i.e., its success in terms of how often it is shared) is related 
its persuasive value (i.e., its success in terms of changes in attitudes, behavioral 
intentions, and behaviors).   
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Chapter Two: The Message on the Network 
Social Networking Sites (SNS) and Terse Messages 
Social networking sites (SNS) are the Internet-based communication platforms 
that allow individuals to (a) construct public or semi-public profiles, (b) identify other 
users with whom they share a connection, and (c) view the profiles of and/or exchange 
messages with other users with whom they have an articulated connection (boyd & 
Ellison, 2007). These platforms vary in the type of communication they encourage (text, 
picture, and/or video), the type of connections articulated between individuals (reciprocal 
or nonreciprocal), and limitations on the length of the communication (e.g., number of 
characters allowed in a post). Unlike the early Internet chat-rooms, where individuals 
were often anonymous and used pseudonyms or handles, SNS platforms make 
individuals and their social network visible. The first SNS, SixDegrees.com, started in 
1997 (boyd & Ellison, 2007). In 2003, MySpace and LinkedIn were launched. The 
following year, Facebook began and quickly surpassed MySpace and LinkedIn in user 
numbers. Facebook remains the most popular SNS in the United States.  
Early communication scholarship on SNS treated these platforms as a form of 
computer mediated communication (CMC; boyd & Ellison, 2007) and focused on the 
way such communication extended interpersonal communication to a mediated, 
asynchronous format. This early research examined self-disclosure (Kim & Dindia, 
2011), self-presentation (Tufecki, 2008), and friendship (Lewis & West, 2009), among 
other topics. Other early research examined the network structures of SNS (Donath & 
boyd, 2004), online communication and existing conceptual frameworks (e.g., social 
 
 6 
capital; Ellison, Steinfield, & Lampe, 2007), and privacy issues that these platforms made 
relevant (Debatin, Lovejoy, Horn & Hughes, 2009). 
Although these platforms began as communication channels that primarily were 
used by younger, computer-savvy users to connect with their existing social networks, the 
use of SNS platforms has grown rapidly in the United States and around the world. Less 
than two decades after the launch of the first SNS, almost two-thirds of American adults 
use social networking sites (Perrin, 2015). Although the use of these platforms is most 
prevalent among those under 49 years of age (77% to 90% of these Americans use SNS), 
SNS use is strong and growing among older adults. Almost one-third of those 65 and 
older use SNS. In addition, use rates are similar across gender and race categories. 
Although SNS use is higher among those with more education and more income, use is 
strong and growing among other populations: 54% of those with a high school degree or 
less use SNS, 58% of rural residents use SNS, and 56% of those who make $30,000 or 
less a year use SNS. 
As the number of users participating in SNS has grown and the platforms 
themselves have evolved, the type of communication that these platforms facilitate has 
changed. In their original form, SNS platforms like Friendster, MySpace, and Facebook 
required users to navigate to other users’ home pages in order to view what their friends 
had posted (Cover, 2006). Today platforms like Twitter and Facebook use a “feed” to 
distribute messages. Users have a central page that aggregates messages from others in 
their networks, similar to how a newspaper or a news broadcast brings together news 
events from around a community and/or the world (Pariser, 2012). These feeds, however, 
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differ in two key ways from traditional news: The “news” comes from a user’s articulated 
social network and is not curated by an editor or news director.1 
As a result of these changes, the type of communication that occurs on SNS has 
changed. These platforms are no longer just interpersonal communication platforms; 
instead, the platforms facilitate interpersonal, small group, and mass communication. 
Organizations and individuals with large numbers of articulated SNS connections can 
distribute messages widely. For example, in March 2015, the CDC Emergency Twitter 
feed had 1.66 million followers. The organization’s main Facebook page had been 
“liked” by 465,000 people. These platform connections allow the CDC to use its SNS 
accounts to distribute messages to large numbers of followers in a broadcast format, 
similar to mass communication. At the same time, organizations can use SNS platforms 
to engage in asynchronous, two-way communication with other users. These exchanges 
can be private or public. The platforms also allow users to redistribute messages others 
have written, comment on messages, display how they have (or haven’t) adopted a 
message, and observe how others in their network react to messages. As a result of these 
capabilities, the platforms facilitate several different types of communication and make 
the endorsement of a message visible. The way in which SNS make message 
endorsement visible is a key element in theorizing the way in which these platforms 
facilitate persuasion as they diffuse messages. 
 
 
                                                
1 As will be discussed later, some SNS platforms implement algorithms based on 
individual user preferences that influence the placement of messages within newsfeeds. 
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Influence on SNS 
In traditional message design research, message effectiveness is conceptualized as 
a function of the persuasive value of a message as measured by changes (or differences) 
in attitudes, behavioral intentions, and/or behaviors of the individuals who are exposed to 
the message (O’Keefe, 2013). The effectiveness of SNS messages is not measured by 
individual change. Instead, effectiveness is conceptualized as the number of times a 
message is redistributed by users other than the original author. Unlike traditional mass 
communication where messages are distributed in a broadcast fashion, messages on SNS 
are distributed in a network fashion. When a user posts a message, the message appears 
in the feeds of those who “follow” or have “friended” that user. These friends or 
followers can then redistribute messages with their own followers using platform-specific 
functions, like “share” on Facebook and “retweet” on Twitter. This secondary 
distribution amplifies the reach of a message, spreading it beyond the initial group of 
recipients (Malhotra et al., 2012).  
 In order to distinguish between message effectiveness in terms of the persuasive 
value of the message and message effectivenss in terms of the reach of a message, from 
now on I will refer to message effectiveness on SNS as message amplification.  I draw 
here on the concept of amplification from the social amplification of risk framework 
(SARF; J. X. Kasperson, Kasperson, Pidgeon, & Slovic, 2003; R. E. Kasperson et al., 
1988). In SARF, amplification is a process through which risk signals are interpreted and 
passed on. In the case of SNS, amplification serves to increase the exposure value of the 
message. As the implied metaphor of the term suggests, amplification increases the 
number of times a message can be viewed, essentially turning up the volume on that 
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particular message.  
 The concept of message amplification is sometimes referred to as electronic 
word-of-mouth (eWOM) communication (Suh et al., 2010) as it functions like word-of-
mouth communication, where individuals are the mechanism through which a message is 
spread. Like word-of-mouth communication, amplification through SNS increases how 
widely that message is distributed and the number of people it reaches.  
 Although the current versions of SNS like Facebook and Twitter allow users to 
easily re-distribute content from other users with platform specific buttons (“Retweet” in 
Twitter and “Share” in Facebook), the platforms did not originally facilitate the 
amplification of messages. The practice of re-distributing a message emerged on Twitter 
as users sought a way to pass on content and credit the user who originally posted the 
message (boyd, Golder, & Lotan, 2010). In an early qualitative study of why people 
chose to redistribute information on Twitter, boyd et al. (2010) identified several reasons, 
including sharing information with a new audience, entertaining others, commenting on a 
tweet, demonstrating that one was listening, agreeing publically, validating an opinion, 
and providing support. 
Message Amplification and Persuasion 
 The relationship between message effectiveness as defined by persuasion and 
message design research (changes in attitude, behavioral intention, and behavior; 
O’Keefe, 2013) and message amplification as defined by the number of times a message 
is shared and thus distributed through a network has not been tested. In other words, 
scholars do not know empirically whether a more persuasive message will have an 
increased rate of amplification. However, theory suggests that relationship exists. 
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According to McGuire’s (2013) input-output framework, message variables (along with 
the source, channel, receiver, and destination), contribute to persuasion, including the 
sharing of message with others in order to persuade them. 
On SNS, message amplification increases exposure to a message and makes the 
endorsement of the message visible to users’ social networks. Both aspects of message 
amplification are important to the ultimate success of the message. In health 
communication, message exposure has been identified as a key variable that contributes 
to the success of health communication campaigns (Noar, 2006). Hornik (2002) argued 
that exposure to a message is as important as the way the message itself is composed, as 
each exposure to a message provides another opportunity for learning from the message, 
perceiving that the message is important, engaging in conversation about the message, 
and believing that the behavior advocated by the message is socially expected. However, 
the relationship between exposure and persuasion outlined by Hornik (2002) does not 
consider whether a better designed message in terms of its persuasive ability (changes in 
attitudes, behavioral intentions, and behaviors) and is also a message that users are more 
likely to redistribute on SNS.  
As I will discuss later, DOI suggests that amplification would increase the 
persuasive value of a message beyond the value of the increased exposure, as acts of 
amplification make the endorsement of a message visible to users’ social networks. 
Researchers who study SNS messages have identified amplification as variable that 
increases the persuasive value of a message. Malhotra et al. (2012), for example, argued 
that amplification serves as an implicit endorsement of the message, even if that 
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endorsement is not explicitly stated.  However, this claim was not based on empirical 
evidence or theory. 
For the purposes of this dissertation, I assume that there is a positive, causal 
relationship between message effectiveness in terms of the persuasive value of a message 
and message effectiveness and message amplification. In other words, messages that are 
more persuasive will have a higher amplification value as a result of the persuasive 
success of the message. The reverse may not be true: Messages that are highly amplified 
may not be persuasive. For example, when Fraustino and Ma (2015) retroactively studied 
the persuasive value of the widely distributed social media messages from the CDC’s 
Zombie campaign to encourage disaster preparedness, the researchers found that the 
zombie messages were less effective in terms of their persuasive value than preparedness 
messages that did not include the humorous use of zombies. The study did not test the 
amplification value of the more persuasive messages that did not use zombies. This claim 
about message persuasiveness and message amplification deserves attention in future 
studies, but, for now, in order to identify the characteristics of messages that are 
amplified more often on SNS, I leave it untested. 
 Most of the research on influence of SNS has focused on source influence and 
examined how network position and network connections facilitate message 
amplification. Whether and how many times a message is redistributed depends in part on 
the number of identified connections the sender has (Suh et al., 2010). In a study 
examining warning tweets by local, state, and federal officials during a wildfire event in 
Colorado, Sutton et al. (2013) found that as the number of followers increased for a given 
user, so did the amplification value of their messages. In many ways, the relationship 
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between the number of articulated connections users have and the number times their 
messages are shared is obvious: The more connections the user has, the more chances 
exist that one of those connections will amplify the message by redistributing it. As Tan, 
Lee, and Pang (2014) noted, researchers are not surprised that Barak Obama’s tweet on 
Nov. 6, 2012 (“Four more years.”) remains one of the most retweeted tweets of all times: 
At the time, Obama had approximately 40 million followers.  
 The importance of networked connections led Gruzd and Wellman (2014) to 
declare in a recent issue of American Behavioral Scientist that social influence is 
networked influence as individuals exert their influence through online and offline social 
networks.  Gruzd and Wellman (2014) contrasted their idea of networked influence with 
Katz and Lazarsfeld’s (1955, 2006), two-step flow model, which conceptualizes 
influence as moving from the mass media to opinion leaders in a community and then 
through the social networks of those opinion leaders. In Gruzd and Wellman’s (2014) 
networked influence model, influence is the result of the connections, the characteristics, 
and the position of individuals within the multiple networks in which those individuals 
reside. Much research on influence on SNS implements this vision of influence. 
 However, a message does not have to start with a user with a large number of 
articulated relationships in order to be widely distributed. In a study examining viral 
events on Twitter, Goel, Anderson, Hofman and Watts (2013) found that the distribution 
of a message through an SNS is a function both of large broadcast (by users with large 
numbers of connections) and redistribution (through networks). In fact, the researchers 
found no significant differences between viral events that started as a large broadcast or 
as a series of multiple generations (RTs) or as some combination of the two — meaning 
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that whether a viral event started with a single user with a large number of connections or 
a single user with a small number of connections, the end result was the same: The 
message had a wide distribution. Goel et al. (2013) found that viral events occurred 
through broadcast, through multiple generations, and through combinations of the two 
types of distribution. This finding suggests that other aspects of a message besides the 
senders’ articulated connections facilitate its movement through an SNS.  
 A large number of studies examining SNS have used the concept of diffusion to 
understand how messages are distributed (e.g., Goel et al., 2013; Gruzd & Wellman, 
2014); however, few studies have turned to diffusion of innovations (Rogers, 2003) to 
conceptualize message influence (see Lee, Agrawal, & Rao, 2015, for a notable 
exception). Much of the research on social media influence is computational and 
atheoretical (Goggins & Petakovic, 2014). In addition, those studies that do draw on DOI 
(e.g., Centola, 2011; Lee et al., 2015) examine the effects of the network (e.g., Centola, 
2011) or the effects of variables like time (e.g., Lee et al., 2015) and do not consider how 
message characteristics influence distribution. In other words, these studies do not 
conceptualize the message as the innovation. Instead, these studies conceptualize the 
innovation as an idea or a behavior. In order to build a theoretical argument for 
conceptualizing messages as innovations, I first provide an overview of DOI. 
Diffusion of Innovations 
At a basic level, DOI seeks to explain how new ideas or innovations are adopted 
and spread through a society.  Everett Rogers, who spent his career studying DOI, 
formulated the relationship in this manner: diffusion is “the process by which (1) an 
innovation (2) is communicated through certain channels (3) over time (4) among the 
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members of a social system” (2003, p. 11, italics in original). The basic elements of the 
theory are the innovation, communication through channels, time, and a social system.  
The theory is broad in its attempt to explain how new ideas are adopted. It has 
been applied in a number of different fields, including marketing, health communication, 
sociology, and anthropology. Rogers (2003) argued that the theory had the ability to 
predict and explain the diffusion of innovations (or lack of diffusion) across situations, 
contexts, and cultures. Innovations may include all manner of objects and ideas. Current 
innovations could include a particular message expressed as a tweet, the local food 
movement, and electric cars. The theory has the ability to explain what may seem like 
unrelated phenomena: the influence of a media news story and the uptake of a new 
technology.  
A number of theories borrow or build on concepts from DOI. Examples include 
theories as diverse as agenda setting with its emphasis on the opinion-leader role of the 
news media (McCombs & Shaw, 1972) and social marketing with its emphasis on 
making a product more amenable to audiences. According to Rogers (2003), diffusion of 
innovations research began as a series of research traditions in different disciplines during 
the 1940s and 1950s, including anthropology, rural sociology, education, communication, 
and public health, among others. As a result, DOI incorporates aspects of other, related 
theories, including Katz and Lazarsfeld’s two-step flow (1955, 2006), which 
conceptualizes the movement of ideas from the mass media to opinion leaders in one step 
and then from opinion leaders to others within the individual’s social network. Within 
health communication, DOI has been viewed as a framework to guide the diffusion of 
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health promotion and health prevention messages and programs more productively 
(Haider & Kreps, 2004).  
DOI: Basic Concepts 
 DOI attempts to explain how society changes as new ideas are adopted (Rogers, 
2003). The term diffusion refers to the process of social change as the innovation is 
communicated through a society. Rogers argued that an innovation could consist of a 
number of different things  — “an idea, practice, or object” — as long as the innovation 
was perceived as new by the entity (e.g., a person or organization) adopting it (2003, p. 
12). Although the theory is not limited to technological innovations, Rogers noted that 
most innovations that have been studied have been technological in nature. However, as 
Rogers defined it, technology includes innovations that have both hardware (physical) 
and software (information) components or just software components. Examples of 
information-only or software technologies include theoretical advances, policies, news 
events, and health messages. Rogers argued that information-only technologies are harder 
to study because their adoption cannot be easily observed. However, SNS platforms make 
the adoption of some information-only innovations easier to study as SNS makes 
communication visible in a manner that other media do not.    
DOI predicts that innovations are adopted through a social system over time in an 
S-shaped curve. This process is shaped by the social system (and the communication 
networks) involved, the individuals adopting innovation, and the innovation itself.  
The social system. Rogers (2003) defined a social system as “a set of interrelated 
units that are engaged in joint problem solving to accomplish a common goal” (p. 23). 
Rogers’s concept of a social system subsumes the idea of communication networks, or 
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the patterns of contact that are created by the flow of messages among individuals over 
time (Monge & Contractor, 2003). A social system consists of multiple, overlapping 
networks (Rogers, 2003). These networks can be established through hierarchy and 
formal channels, but they can also emerge as individuals develop and maintain 
connections (Monge & Contractor, 2003). According to DOI, the communication that 
occurs within a social system flows through networks and the structure of these 
communication networks, in particular interpersonal networks, influence whether an 
innovation is adopted and, if it is, how quickly the innovation diffuses through the 
system.  
Within research on SNS that has focused on network structure and relationships, 
researchers have examined the size of networks (Suh et al., 2010) and homophily within 
networks (Centola, 2011). Using an observational study, Suh et al. (2010) examined the 
size of SNS networks and concluded that the larger the articulated network of a user (i.e., 
the more followers an account has), the more likely a message from that user will be 
retweeted.  
Centola (2011) used an experimental design to examine whether homophily – or 
similarity – among network members influenced health behavior change in the context of 
a health intervention delivered via an SNS. The results suggested than when network 
members had similar body-mass-indexes (BMI), the healthy behavior promoted (keeping 
a food diary) was more likely to be adopted than when network members did not have a 
similar BMI. This study suggests that similarities among individual characteristics of 
message senders and receivers matter to message adoption. 
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The individual. According to DOI, whether or not an individual adopts an 
innovation early or later in the process of diffusion depends on their degree of 
innovativeness, or how willing they are to accept new ideas and technologies (Rogers, 
2003). Rogers argued that innovativeness was a continuous variable; however, people 
could be categorized based on their innovativeness into adopter categories. As Rogers 
conceptualized them, these categories are based on the distribution of a normal curve, 
divided into categories based on standard deviations. The innovators are the first 2.5% to 
adopt (those who adopt minus two standard deviations from the mean); the next 13.5% 
(between minus two and one standard deviation from the mean) are the early adopters. 
The early majority (between one standard deviation and the mean) are the next 34%. The 
late majority are those who adopt between the mean and one standard deviation (also 
34%). The final 16% (more than one standard deviation from the mean) are described as 
the laggards.  The theory does not account for those who do not adopt except as laggards.  
 According to Rogers (2003), each type of adopter has certain characteristics. 
Innovators are venturesome, have access to money, and can cope with uncertainty. These 
individuals, who are also called change agents, may play gatekeeping roles and introduce 
innovations to others. However, unlike the early adopters, they do not necessarily have 
opinion leadership. These individuals need the help of those with opinion leadership in 
order to diffuse an innovation. 
  Early adopters are opinion leaders and model the use of an innovation. These 
individuals are respected by others and value the respect they receive; as a result, they are 
careful about what they adopt. Those with opinion leadership are at the “center of 
interpersonal communication networks” (Rogers, 2003, p. 27), meaning these individuals 
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provide a link between different groups; as a result, opinion leaders exert more influence 
than others on the adoption of an innovation. 
  Like the early adopters, the early majority is willing to adopt innovations; 
however, they are not opinion leaders. Instead, they spend more time deliberating and, 
according to Rogers, provide an important bridge to later adopters. Members of the late 
majority tends to be skeptical and adopt an innovation for economic or peer pressure 
reasons. They also tend to have low economic resources. Finally, the laggards are the last 
to adopt, if they adopt at all. According to Rogers, these individuals are suspicious and 
resistant to innovations, in part because of their low economic position.  
The process an individual goes through in deciding whether or not to adopt an 
innovation is called the innovation-decision process. According to Rogers (2003), this 
process involves information seeking and information processing as individuals try to 
answer key questions about an innovation, including how and why it works, its 
advantages and disadvantages, and the consequences of adoption. This sequential process 
begins with (a) knowledge of the innovation; then (b) persuasion occurs as people’s 
attitudes are formed in favor of or against the adoption; this persuasion results in a (c) 
decision when individuals decide to adopt or not adopt the innovation; the next stage, (d) 
implementation, occurs when individuals begin using the innovation; finally, (e) 
confirmation occurs as individuals attempt to reinforce the decision that they have made. 
Although similar to the conception of persuasion discussed earlier, Rogers’ conception of 
persuasion is a stage in an individual’s process of attitude change: “Our meaning of 
persuasion is equivalent to attitude formation and change on the part of an individual, but 
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not necessarily in the direction intended by some particular source, such as a change 
agent” (2003, p. 175).  
 Communication facilitates this innovation-decision process at all stages. Rogers 
(2003) defined communication “as the process by which participants share and create 
meaning in order to reach a mutual understanding” (p. 18). According to DOI, the 
process of communicating an innovation occurs through the mass media and through 
interpersonal relationships. However, Rogers argued that these two different categories of 
communication worked differently. While mass communication could efficiently spread 
awareness or knowledge of an innovation, Rogers argued that persuasion occurs through 
interpersonal communication, specifically the face-to-face conversations between 
individuals and the observation of others in a person’s network adopting an innovation. In 
2003, he noted that the Internet was also facilitating diffusion through interactive 
communication. However, his work does not consider how interactive communication 
and communication on SNS platforms, in particular, facilitates the interpersonal 
communication and observation of others that are key to DOI’s concept of persuasion. 
Little empirical evidence exists for the theoretical claim that interpersonal 
communication facilitates actual persuasion while mass communication facilitates 
knowledge acquisition. However, some research in health communication suggests that 
interpersonal communication mediates and moderates campaign effects (Southwell & 
Yzer, 2007). In other words, interpersonal communication about a message facilitates (or 
sometimes does not facilitate) persuasion. Hornik (2006) examined the media-
interpersonal link theorized by DOI in the context of the National Youth Anti-Drug 
Media Campaign. Specifically, Hornik (2006) hypothesized that older siblings affected 
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by exposure to the campaign subsequently influenced the beliefs and behaviors of 
younger siblings. The concept Hornik used, however, to capture this relationship comes 
from the two-step flow hypothesis (Katz & Lazarfeld, 1955, 2006). As discussed earlier, 
this relationship is similar to the relationship specified by DOI, and Hornik noted the 
similarity between these theories in his discussion of the concept. The study used a two-
stage survey to examine first, whether the older sibling had been influenced by exposure 
to the campaign and then, in a subsequent stage, to examine whether the younger sibling, 
in turn, had been influenced by the older sibling. Hornik (2006) concluded that the results 
offered some support for the relationship but that more research was needed to 
understand the paths of influence.  
Schuster et al. (2006) examined how interpersonal communication generated by 
mass media messages was related to the individual’s stage in the innovation-decision 
process. The researchers examined these issues by studying the adoption of anti-tobacco 
norms among 503 opinion leaders in California. The researchers hypothesized that 
interpersonal discussion would be higher for opinion leaders in the later stages of the 
decision process and that interpersonal discussion would fully mediate the relationship 
between campaign exposure and tobacco control attitudes and behaviors. Both these 
hypotheses were supported. 
The most compelling evidence supporting the importance of interpersonal 
communication in the process of persuasion comes from Wood et al. (2012), who 
examined how messages communicating actionable risk influence the decision to prepare 
for a disaster. Although the study was cross-sectional and relied on self-report data, it 
offered some of the best evidence to date in support a key theoretical key claim of DOI.  
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The researchers conducted a telephone survey of 3,300 people across the nation. The 
questionnaire included scaled measures to capture the salient constructs of DOI. These 
included (a) information households had received about preparing for disasters (the 
innovation), (b) channels through which that information had been delivered (including 
interpersonal and mediated), (c) observations of others performing the action 
(interpersonal influence), (d) knowledge of the innovation, (e) perceived effectiveness, (f) 
actions taken to obtain information (the persuasion stage), and (g) preparedness actions 
taken (innovation adopted). The researchers tested the relationships between these 
variables using path analysis. Their findings offered support for DOI: Households were 
more likely to take preparedness actions if they had observed others taking those actions. 
This interpersonal influence was both direct and indirect:  Households were also more 
likely to perceive preparedness as effective if they had observed others taking those 
actions, and this, in turn, increased their likelihood of preparing. At the same time, the 
researchers concluded that “dense information” or consistent information distributed on 
many channels over a long period of time was needed to reach audiences. 
Like many studies that implement DOI, these studies are limited by their cross-
sectional nature. However, taken together, the findings from these studies on the 
relationship between interpersonal communication and persuasion provide a theoretical 
rational for why messages on SNS have an increased potential to persuade others: SNS 
makes the endorsement of a message visible. As a message is amplified on SNS, people 
can see friends and family "adopting" this innovation by sharing it with others in their 
network.  
 
 22 
These studies also suggest that messages that are amplified through sharing may 
be more effective, in terms of their persuasive value, than messages that have not been 
amplified. When a message is amplified, the redistribution to a new set of receivers has 
the direct effect of increasing message exposure. At the same time, redistribution makes 
the endorsement of the message visible to others in the network, indirectly showing these 
other users that someone (or many someones) have already endorsed this message. As a 
result, redistribution provides more opportunities for individuals to observe others in their 
networks taking action and, in this case, supporting a message. 
The Message as an Innovation 
In addition to providing a theoretical explanation for the importance of 
amplification to message success on SNS platforms, DOI provides a theoretical basis for 
conceptualizing how message elements influence message success on SNS. According to 
DOI, the diffusion of an innovation depends on the characteristics of the innovation. 
Rogers (2003) identified five characteristics that influence the spread of an innovation: 
(a) its relative advantage compared to the innovation it displaces, (b) its compatibility 
with existing belief systems and past experiments, (c) its complexity, in terms of how 
easy it is perceived to be used and understood, (d) the ease with which the innovation can 
be tried, and (e) the degree to which it can be observed.  With the exception of 
complexity, which retards adoptions, innovations that are perceived to be more 
advantageous, more compatible, easier to try, and easier to observe are adopted more 
quickly (Rogers, 2003) 
Within health communication, scholars have argued that public health 
communicators can increase the reach and spread of healthy behaviors by optimizing the 
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characteristics that influence the rate at which innovations are adopted (Haider & Kreps, 
2004). According to Haider and Kreps (2004), emphasizing the benefits of a health 
behavior and downplaying the negative consequences (i.e., improving the relative 
advantage) “can considerably enhance the social acceptance and ultimate efficacy of a 
public health campaign” (p. 6).  
Haider and Krep’s (2004) operationalization of relative advantage, however, 
conceptualizes messages as containers that carry idea innovations.  I propose that the 
messages themselves are also innovations, a “software” technology to use Rogers’ term 
(2003). The fact that SNS messages can easily be altered (and are often altered) does not 
interfere with the conception of the message as the innovation. DOI allows for re-
invention, the process of altering an innovation as it is adopted (Rogers, 2003). 
If messages are innovations, then the characteristics of a message would influence 
the spread of that message through a network. In the case of SNS messages, these 
messages would demonstrate higher levels of message amplification. Thus, if messages 
are innovations, then the diffusion of these messages (i.e., retweeting) would be 
influenced by the relative advantage of the messages, the compatibility of the messages 
with existing belief systems, the complexity of the messages, the ease with which the 
innovation can be tried, and the degree to which the adoption of a message can be 
observed.  
Although most research on message amplification on SNS has examined the role 
of networks in the diffusion of a message, a handful of studies has examined generally 
what DOI suggests, that the characteristics of the innovation or message influence its 
diffusion. For example, Tan et al. (2014) took a computational linguistics approach to 
 
 24 
retweeting and compared 11,404 tweet pairs that were sent by the same users about the 
same topic and contained the same URL but implemented different wording. The study 
found that an explicit request for a retweet, or a linguistic cue-to-action, as in, “Please 
RT,” increased the reach of a message. Malhotra et al. (2012) examined messages from 
50 large corporations and found that that asking questions of followers, providing 
hyperlinks, and using contests decreased retweeting rates. Sutton, Gibson, Phillips et al. 
(2015) examined patterns of retweeting during five different hazards at a time of eminent 
threat and found that messages describing the hazard impact were retweeted more often.  
Taken together, these studies support the general claim that message 
characteristics influence message diffusion. However, none of these studies offer a 
theoretical rational to explain why message elements influence message amplification. In 
order to do this, I turn to message design research to conceptualize how the innovation 
characteristics that Rogers (2003) identified as influencing how an innovation is adopted 
apply to message elements.  
Message Design  
 Research on message design has identified many different message elements that 
may influence the persuasive value of a message — so many that Cappella (2006) argued 
the number of message components and combinations that could influence the 
effectiveness of a message was virtually unfathomable. In general, research on message 
design conceptualizes three types of message elements: content, structure, and style 
(Shen & Bigsby, 2012).  The content of a message is the information it contains. The  
structure of a message is how the content is presented. The style of a message has to do 
with its linguistic features.  
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 In message design, the study of message elements is usually conducted with 
paragraph-long messages, a format that is not possible (or, if possible, not normative) for 
communication in an SNS environment. In SNS, messages are often limited to a sentence 
or two, at most. As a result, research on SNS messages has developed separately from 
message design research. Research in message design is grounded in persuasion theories. 
Research on SNS and, in particular, on message amplification, tends to be atheoretical. 
To examine message elements in relationship to theory and findings from traditional 
message design research and findings from SNS research and message amplification, I 
review the literature with attention to the three key elements identified in message design 
research, content, structure, and style. 
Message Design in Context 
 Choices about content, structure, and style are not made without an understanding 
of the context in which a message is communicated. Different situations require different 
message content and different structure and style choices. Persuading someone to give up 
a long-term, habitual behavior like smoking is different from persuading someone to 
adopt a one-time behavior like single-dose vaccination (Rimal, Lapinski, Turner, & 
Smith, 2011). Both of these behaviors require different messages than persuading 
someone to respond appropriately during a crisis. For the purposes of this study, I will 
examine message design choices during a health communication crisis. I chose this 
context for three reasons. First, existing research on message design strategies and health 
communication in general is well-developed. Second, research and theory on 
communication during a health-related crisis is also well-developed and theorized. As 
both these areas of research are well-developed, they have the potential to contribute to 
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understanding messages in a new context, SNS, where research is still in its infancy. 
Finally, a health communication crisis is a time when effective communication on SNS 
— both in terms of the persuasive value of a message and message amplification — is 
critical.  Research suggests that there is a spike in social media use during disasters, 
including public health crises (Fraustino et al., 2012). From a communication 
perspective, social media provide an opportunity to quickly reach individuals with 
messages that can help them respond quickly and effectively. Effective messages can 
mean the difference between individuals knowing how to protect themselves and taking 
action and not. In other words, effective messages can mean the different between 
sickness and health, life and death. A message that has a high amplification value could 
be distributed quickly and effectively through an SNS platform. During these types of 
events, messages that are effective in terms of their persuasive value and their 
amplification value have the potential to change outcomes and save lives.  
Message Content  
 In SNS research, studies have shown that message content influences message 
amplification. Tan et al. (2014), who took a computational linguistics approach to 
retweeting, concluded that more informative messages were retweeted more often. The 
researchers measured how much information messages provided by examining the parts 
of speech (verb, noun, adjectives, adverb, proper nouns) and characteristics (use of 
numbers) of the messages. Messages that contained more parts of speech and 
characteristics were classified as more informative. Although, as Tan et al. (2014) argue, 
this operationalization of content is more sophisticated than the length a message (a 
measure of content that the researchers also used), it is, at best, a very rough measure. 
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 In a series of studies examining social media responses to disaster, Sutton and 
colleagues (Sutton, Gibson, Phillips et al., 2015; Sutton, Gibson, Spiro et al., 2015; 
Sutton et al., 2013) have examined influence of content on message amplification with 
regard to warning messages. Sutton et al. (2013) examined the content of warning 
messages in the context of a wildfire. In this study, the researchers found that retweets 
were more likely if the message was related to the crisis, provided guidance about how to 
respond, or provided information about the impact of the wildfire. In a second study, 
Sutton, Gibson, Spiro et al. (2015) examined the content of warning messages during the 
Boston Marathon bombing. They found that messages that described the hazard itself and 
the impact of the hazard, messages that contained advisory information (i.e., stay clear of 
the bombing area), and messages that contained emotions and evaluations (i.e., messages 
that encouraged resiliency) were retweeted more often than messages that did not contain 
this information. They also found that messages that described closures or openings, 
provided information about how to protect oneself (in this case, evacuation or shelter), or 
contained a thank you were less likely to be retweeted. A third study (Sutton, Gibson, 
Phillips et al., 2015) compared content across five hazards, including the events 
examined in the studies described previously. In this study, researchers found that 
messages that contained hazard impact information were retweeted more often in all the 
cases they examined. They also found that there was some variation in retweeting rates, 
depending on the context of the hazard. For example, in hazards that involved recovery 
and cleanup, messages that contained information about volunteering were more likely to 
be retweeted than these types of messages in hazards that did not involve recovery and 
cleanup. 
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 These studies demonstrate that message amplification is related to message 
content. According to DOI (Rogers, 2003), message content that has a relative advantage 
over other content should have an increased amplification value. Research and theory on 
communication during a health communication crisis suggests that people need certain 
types of information at the time of a crisis. Logically, messages that contain information 
that people need during a crisis should have a relative advantage over messages that do 
not contain this information. 
 According to the Crisis and Emergency Risk Communication (CERC) framework, 
message content during a health-related crisis should provide information to increase 
understanding, provide reassurance, encourage insight into official actions, and increase 
efficacy (Reynolds & Seeger, 2005). These message types are theorized to be important 
because health-related crises often involve new, unknown risks that are frightening. 
These crises develop as a result of a disease outbreak or the identification of a new risk, 
such as a food-related illness or environmental contamination. The emergence of a 
relatively unknown disease, in particular, can create “frightening scenarios of widespread 
harm” (Reynolds & Seeger, 2005, p. 44). This type of crisis creates large amounts of 
uncertainty as the perpetrator of the crisis (a virus or a bacteria) cannot be seen and much 
may be unknown. 
 The CERC (Reynolds & Seeger, 2005) draws on research and theory in risk and 
crisis communication to identify effective message strategies during a health-related 
crisis. CERC is a practitioner’s framework: It is designed to guide effective response 
during a crisis and help practitioners implement best practices and research-proven 
strategies. Few tests of CERC’s propositions exist in the research literature, in part 
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because of the framework’s emphasis on practice and, in part, because of the general 
difficulty of testing crisis response messages. In addition, many of CERC’s key claims 
draw on other theoretical models and are tested using those models as a theoretical basis, 
rather than CERC. For example, CERC’s emphasis on efficacy messages comes from the 
extended parallel process model (Reynolds & Seeger, 2005). According to the EPPM, 
people with higher levels of efficacy respond more appropriately to fear (Witte, 1992).  
 One notable exception to the lack of studies on CERC (Freimuth, Hilyard, Barge, 
& Sokler, 2008) is a narrative report describing the simulation of a crisis and local 
officials’ use of the CERC principles. The study found that the local officials struggled to 
compose messages according to CERC recommendations, even though the officials had 
been trained to implement those recommendations. The authors attributed this finding to 
the difficulty of following CERC principals under the time pressure that a health crisis 
creates and recommended more simulation trainings to help local officials.  
 CERC identifies communication as a key aspect of crisis response and posits that 
well-constructed messages can influence the outcome of a crisis by changing how people 
respond to the crisis (Veil, Reynolds, Sellnow, & Seeger, 2008). The theory identifies 
types of information and messages that individuals need at different points in the life-
cycle of a health crisis. Key message types for encouraging appropriate response to a 
crisis include messages that increase public understanding of the risk, messages that 
provide empathy and reassurance, messages that offer information about and insight into 
official actions, and messages that provide efficacy information and response actions 
(Reynolds & Seeger, 2005).  
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 Messages that increase understanding of risk are designed to reduce uncertainty as 
they contribute to sensemaking (Veil et al., 2008). Sensemaking is the process of 
searching for understanding and meaning in response to uncertainty (Weick, Sutcliffe, & 
Obstfeld, 2005). During a crisis, this process allows people to understand what is 
happening (Reynolds & Seeger, 2005: Veil et. al, 2008). By providing individuals with 
information about the risk, these messages seek to encourage individuals to make sense 
of what is happening.  
Messages that offer information about official action and insight into that action 
are meant to increase and build trust (Reynolds & Seeger, 2014), essentially building the 
credibility of officials through a reporting of their actions. In persuasion research, 
credibility is theorized to be one of three source characteristics that influence the 
persuasive power of the source (McGuire, 2013). Credibility encompasses the expertise 
and trustworthiness of a source. It is thought to enhance the believability and 
effectiveness of messages given by that source (Reynolds & Seeger, 2005) 
 Efficacy messages instruct people as to how they should respond (Coombs, 2009) 
and are also called instructional messages (e.g., Sutton, League, et al., 2015). In order for 
these messages to be effective, they have to promote the idea that the individual can 
perform the recommended action and that the recommended action will work (Coombs, 
2009). Two studies that examined SNS messages during health-related crises found a low 
proportion of efficacy messages compared to other message types (Sutton, League, et al., 
2015; Vos & Buckner, 2016). One of these studies examined messages from general 
accounts during an outbreak of the bird flu in 2013 (H7N9; Vos & Buckner, 2016). The 
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other examined health messages from officials during the 2013 Boulder floods (Sutton, 
League, et al., 2015)  
 Thus, messages that (a) increase the understanding of risk by providing 
information about the risk, (b) messages that offer information and insight into official 
action, and (c) messages that provide efficacy information will have a relative advantage 
over messages that do not provide this information and fulfill these needs. As such, this 
study advances the following hypothesis: 
H1: Messages that provide information that has the potential to (a) increase risk 
understanding, (b) offer information about and insight into official action, or (c) 
increase efficacy will have higher amplification rates, as measured by retweeting, 
than messages that do not contain these types of information. 
(A summary of the theorized relationship between innovation characteristics and message 
design choices and the direction of each resulting hypothesis is provided in Table 1). 
Message Structure 
 The structure of a message is the form of the argument (Shen & Bigsby, 2012). In 
terms of the characteristics of an innovation that influence amplification (Rogers, 2003), 
message structure influences the complexity of a message and the ease with which a 
message can be tried. Traditionally, message design researchers have focused on issues of 
argument structure, like the explicitness of the conclusion and the order of arguments. 
However, in the SNS environment, messages are shorter and can contain other structural 
elements that contribute to the form of the argument like a hyperlink or a picture. Some 
SNS research has defined message structure as sentence structure (e.g., Sutton et al., 
2013; Sutton, Gibson, Phillips et al., 2015).  
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Table 1 
 
Innovation Characteristics, Message Design Choices, and Predicted Influence 
 
Innovation Characteristic Message Design Choice Predicted Influence 
Relative Advantage Hazard Information + 
 Response Instruction + 
 Official Action + 
   
Ease Tried Image Type + 
 Hyperlink - 
 Message Length - 
 Sentence Structure ? 
   
Visibility Direct Messages - 
 User Mentions ? 
 Keyword Hashtag + 
 Hashtag(s) ? 
   
Visibility/Compatibility Figurative Language ? 
   
Relative Advantage First Person + 
 Direct Address + 
 Linguistic Cue-to-Action + 
 Retweet Request + 
Key: + = Increase in amplification predicted, - = Decrease in amplification predicted, ? = Research question 
proposed. 
 
 
 These elements of message structure contribute to the complexity of a message 
and the ease with which it can be tried. Complexity has to do with how easily a message 
can be perceived and understood (Rogers, 2003). According to DOI, a less complex 
message is more easily perceived and understood and, as a result, more easily tried. For 
the purposes of this study, I identify four characteristics of SNS message structure that 
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shape the complexity of the message and the ease with which it can be tried: the inclusion 
of images, use of hyperlinks, message length, and sentence structure. 
 Images. In the case of social media, the structure of a message also includes the 
presence or absence of an image. Research on visual communication suggests that using a 
visual illustration or picture with a message should increase the effectiveness of a 
message, at least in terms of the ability of subjects to recall messages (Seo, Dillard, & 
Shen, 2013). This claim is known as the pictorial superiority effect (Nelson, Reed, & 
Walling, 1976).  
 From DOI (Rogers, 2003) perspective, this means that messages that include 
images should be easier for individuals to “try,” i.e., understand, as the image makes the 
information in a message easier to obtain. Tufte (1997) argues that visual information has 
the potential to become visual insight when information is arranged to promote clarity. 
Although Tufte describes strategies to portray quantitative information (Tufte, 1983) and 
offer explanations (Tufte, 1997), little empirical research defines what an effective visual 
component looks like, and most studies test the absence and/or presence of a visual 
component (King, Jensen, Davis, & Carcioppolo, 2014; McWhirter & Hoffman-Goetz, 
2014). Within health communication, images are often used with messages, but little 
theoretically based guidance exists (McWhirter & Hoffman-Goetz, 2014). The area is so 
understudied that a definition for visual health communication was not proposed until last 
year when, after reviewing the literature on visual communication and skin cancer, 
McWhirter and Hoffman-Goetz (2014) proposed that visual health communication be 
defined as “an area of theory, research, and practice that involves the use of visual 
imagery (e.g., photographs, illustrations, maps, graphs, diagrams) to convey information 
 
 34 
about health and disease in order to improve health-related knowledge, attitudes, and 
behaviors of individuals and populations” (p. 751).  
 Despite the lack of theoretical grounding and consistent empirical evidence, 
research on visual health communication does suggest that visual components may 
enhance the success of message. In a review of studies that examined the use of pictures 
used with patients, Houts, Doak, Doak, and Loscalzo (2006) found that images that were 
closely linked to the text promoted increased attention and recall of health information. 
This effect was particularly pronounced among populations with lower literacy skills. 
However, the authors also cautioned that pictures could also lead to misinterpretation.  
 In media communication and health, research suggests that pictures may increase 
assessments of risk. Gibson and Zillmann (2000) examined how pictures in news stories 
changed perceptions of risk from Appalachian ticks. The results suggested that pictures 
of ticks and pictures of ticks and victims combined increased risk perception among 
participants in the study. The study also suggested, however, that images may add 
information not anticipated by message designers. In the study, the race of the individuals 
in the victim images led to different perceptions of risk for different racial populations. 
These findings suggest that including an image in a message may facilitate (or ease) the 
transfer of information to the individual, including information that the designers of the 
message did not intend to transfer. 
 However, findings are not consistent across studies, and images do not necessarily 
support text messages or add to them. In a study that examined whether images could be 
used to amplify the effects of gain-frame and loss-frame messages related to flossing and 
sunscreen use, Seo et al. (2013) found conflicting results. In the loss-frame conditions, 
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the pictures appeared to amplify fear; in the gain-frame conditions, the results were 
inconsistent. The researchers theorized that some of the images may have induced 
reactance. In a study examining whether a graphical representation could facilitate better 
understanding of the results from a prenatal Down syndrome test, Miron-Shatz, Hanoch, 
Graef, and Sagi (2009) compared a graphical representation of risk to two different 
phrasings of the probability of having a child with Down’s syndrome. The researchers 
found that the graphic did not produce better comprehension than using a frequency 
format (one out of every 724 fetuses…) to explain risk. 
 King et al. (2014) proposed evaluating the effectiveness of images in health 
communication on the perceived visual informativeness (PVI) of the images. The 
construct conceptualizes images as two distinct types: statistical, which are images that 
convey statistical information graphically, and indexical, which offer evidence of a 
scenario or object. Indexical information includes images that demonstrate how to 
perform an exam and images that illustrate differences in portion sizes. King and 
colleagues developed a scale to measure PVI. Unfortunately, the scale is based on 
individual reactions to images, not distinct message features that would allow message 
designers to identify elements of images that create effectiveness. However, the construct 
suggests that different types of images (graphical, indexical) may have different levels of 
effectiveness in terms of how they facilitate the communication of meaning. 
 Research on images suggests that images can increase the effectiveness of a 
message in terms of message recall (Seo et al., 2013) and facilitate the transfer of 
information (Gibson & Zillman, 2000). In addition, research suggests that different image 
structures communicate different amounts of information (King et al., 2014). Thus: 
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H2a: Messages that contain images will have higher retweeting rates than 
messages without images. 
H2b: Messages with images that contain more visual information will have higher 
retweeting rates than images that contain less visual information. 
 Hyperlinks. Hyperlinks add information to a message by directing individuals to 
a resource available on the World Wide Web. The CDC’s Health Communicators Social 
Media Toolkit (2011) encourages the use of shortened hyperlinks as a way to increase 
information or direct audience members to the organization’s web page. However, 
research that examines message amplification suggests that this practice may reduce 
amplification. Sutton, Gibson, Phillips et al. (2015) found that using URLs contributed to 
decreased retweeting in four out of the five hazards they examined. Malhotra et al. (2012) 
found that using links was not associated with increased retweeting and suggested that 
the practice may have a weak negative effect. Taken together, these findings suggest that 
including a URL may reduce retweeting rates or, at the very least, not contribute to 
increased retweeting.   
 Researchers don’t know why using hyperlinks has this effect on retweeting rates. 
Sutton, Gibson, Spiro et al. (2015) offered two possible reasons. One, messages without 
URLs may be simpler; thus, the messages are more relevant to users. Two, messages 
without URLs may be less distracting as messages with URLs may lead users to another 
website where the user forgets about the original message. Another possibility is that 
hyperlinks increase the complexity of a message since users must take an additional 
action (e.g., click on the hyperlink) to view that part of the message. Thus: 
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H2c: Messages that contain URLs will have lower amplification rates than 
messages without URLs. 
 Message length. According to the CDC’s CERC manual (Reynolds & Seeger, 
2014), messages should use short sentences. This guidance comes from a health literacy 
perspective (Cameron, Wolf, & Baker, 2011). Shorter sentences are a way to structure a 
message so that it is less complicated. Thus, shorter messages are less complex. 
 Within research on SNS messages, however, the evidence is mixed for shorter vs. 
longer messages. Tan et al. (2014) compared similar versions of messages composed by 
the same authors and found that messages that were longer were more effective than 
messages that were shorter. The authors concluded that the reason for this was that longer 
messages contained more information.  
 Other researchers have concluded that shorter messages are more effective than 
longer messages. Malhotra et al. (2012) found that shorter messages, in particular 
messages of 70 characters or less, were more effective than longer messages. The 
researchers hypothesized that shorter messages were amplified more often because these 
messages were easier to retweet. Twitter limits messages to 140 characters or less. As a 
result, in order to be retweeted without editing, a message needs to be short enough to 
allow for "RT" and "@username" of the original account to be added to the message 
without exceeding 140 characters. The longer the tweet, the more likely users will have 
difficulty retweeting it because of the length constraints imposed by the Twitter system. 
This suggests that shorter messages are easier to try than longer messages. Thus: 
H2d: Shorter messages will have higher amplification rates compared to longer 
messages 
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Sentence structure. The grammatical structure of a sentence can be declarative, 
imperative, interrogative, or exclamatory. Declarative messages are statements and tend 
to be used to convey information. Imperative messages are commands and are used to 
give orders. Interrogative messages are questions. They are used to solicit information or 
to stimulate thinking, as in a rhetorical question. Exclamatory messages indicate 
excitement or urgency. Malhotra et al. (2012) found interrogative tweets were amplified 
less often than SNS messages that were not interrogative. Sutton, Gibson, Phillips et al. 
(2015) found than using an imperative sentence resulted in higher retweeting rates in 
three out of five cases. However, neither study examined SNS messages during a health 
communication crisis. As mentioned previously, Sutton, Gibson, Phillips et al., (2015) 
examined messages during a wildfire; Malhotra et al. (2012) examined messages sent by 
large corporations. From these studies, it is unclear how type of sentence influences the 
characteristics of a message innovation, as defined by Rogers (2003). Thus: 
RQ1: How does the type of sentence influence the amplification of a message?  
Message Style 
 The style of a message has to do with the linguistic features of a message (Shen & 
Bigsby, 2012). In the SNS environment, some style features are unique to the medium. 
These include direct messages, user mentions, and hash tags. Other style features are not 
unique to the SNS environment. These include the use of metaphoric language, use of the 
first person (I/we), use of a direct address (you) to personalize a message, and the use of a 
call to action, including the specific request to retweet. 
 Direct messages and user mentions. On Twitter, certain style features affect the 
visibility of the message. For example, anytime a tweet begins with "@" only the shared 
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followers of the sender and receiver can see the message. However, when a message does 
not begin with an "@" (even ".@"), the message appears in the feeds of all the sender’s 
followers. Using an "@" at any place in the message, known as a mention, does not affect 
the visibility of the message. When a user is mentioned in a Tweet, the system records 
that mention in a "Mention Tab" essentially highlighting that message to a particular user. 
This may highlight a message to a specified user, if the user checks her mentions tabs, 
and may influence retweets, especially if the specified user has a large number of 
followers and chooses to retweet the message. However, simply mentioning a user does 
not affect the visibility of a tweet to other followers. 
 Existing studies have found that using the @username decreases the number of 
retweets (Sutton et al., 2013; Sutton, Gibson, Spiro et al., 2015; Tan et al., 2014). Tan et 
al. (2014) found that using the @ symbol decreased retweeting. In this study, the 
researchers did not distinguish between tweets that began with "@username" and thus 
were only visible to the shared followers of both the sender and receiver and messages 
that contained "@username" and were visible to all followers of the sender. Sutton, 
Gibson, Phillips et al. (2015) found that directing a message to a particular user 
(@username at the beginning of a tweet) resulted in reduced retweeting rates in five 
cases, and mentioning a user (@ username within the text of the tweet) resulted in 
reduced retweeting rates in four of the cases. Neither study examined whether mentioning 
multiple users affected the predicted retweeting rate. 
 DOI predicts that messages that are more visible will have higher retweeting 
rates. However, it is unclear how mentions affect the general characteristics of a message 
innovation. It may be that using mentions increases the complexity of a message, thus 
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decreasing retweeting rates. It may be that mentioning a particular user, especially a user 
with whom the sender is compatible, increases retweeting rates. If this is the case, then 
mentioning a user would function like a reference. Thus: 
H3a: Messages that are directed to a particular user (@username at the beginning 
of a message) will have lower amplification.  
RQ2: How do mentions (@username at any point after the first character) affect 
the amplification of a message?  
 RQ3: How do multiple mentions affect amplification? 
 Hashtags. Unlike direct messages, the use of hashtags increases the visibility of a 
message, as the message appears not only in the feeds of a sender’s followers but also in 
the feed for that hashtag. Hashtags function as bulletin boards, aggregating messages that 
contain the same hashtag in the same place.  Bruns and Burgess (2011) argue that 
hashtags allow for the rapid formation of ad hoc publics. Hashtags allow individuals to 
follow a conversation about a topic and see all tweets about the topic, even those that are 
produced by accounts that the individual is not following. Senders can use a hashtag to 
contribute to a conversation that is going on outside of their sphere of identified 
connections. Researchers have found that the use of any hashtag does not affect 
retweeting rates (Malhotra et al., 2012; Lee et al., 2015). Sutton, Gibson, Phillips et al. 
(2015) found that using a hashtag specific to the crisis increased the retweeting rates in 
three cases; in the study on the Boston bombing (Sutton, Gibson, Spiro et al., 2015), 
researchers found that using a keyword hashtag did not influence retweeting rates one 
way or another. Although hashtags increase the visibility of a message (Rogers, 2003), 
this research suggests that the increased visibility facilitates amplification of a message if 
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the hashtags adds to a relevant conversation. In other words, hashtags facilitate message 
sharing when the hashtag places the message in a more compatible conversation on 
Twitter. Thus: 
H3b: Messages that contain hashtags using a keyword relevant to the public 
health crisis will be amplified more often than messages without a hashtag using a 
keyword relevant to the public health crisis. 
In some instances, users implement the use of multiple hashtags. This practice would 
increase the visibility of a message; however, researchers have not examined whether this 
message choice results in increased retweeting as a result of the increased visibility. 
Bruns and Burgess (2011) speculate that audience members may interpret the use of 
multiple hashtags as spam. As a result, this practice may decrease the relative advantage 
of a message innovation (i.e., the message now appears to be a spam message and thus 
cannot provide needed information), reducing its likelihood of being retweeted. 
RQ4: How does the use of multiple hashtags affect the amplification of messages? 
 Figurative language. Although metaphors are traditionally defined as a 
comparison of two different objects, message designers have argued that, for the purposes 
of a message, metaphors are part of a broader category of tropes that function to create a 
comparison between two different objects with the result of making one object more 
understandable. This broader category of tropes, which I will call figurative language, 
includes metaphors, analogies, similes, and personification (Sopory & Dillard, 2002). 
These tropes can be extended metaphors, where multiple points of comparison are 
developed (Sopory & Dillard, 2002), or one-word metaphors, where the use of a single 
word provides the incongruence that gives metaphoric language its power (McQuarrie & 
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Mick, 1996). In a meta-analysis examining the success of figurative language compared 
to literal language, Sopory and Dillard (2002) found that figurative language was more 
successful than literal language in changing attitudes. The same study found that 
metaphors were most successful when the metaphor is novel, is used at the beginning of a 
message, is single, is not extended, and the audience is familiar with the metaphor target.  
 McGuire (2000) identified four theoretical explanations for the persuasive power 
of figurative language: (a) Figurative language enhances attention to the message as a 
result of its novelty; (b) figurative language affects source credibility; (c) figurative 
language intensifies the message as the figurative language touches on deep cultural 
values that literal language cannot touch, and (d) figurative language affects the mood of 
the receiver, thus affecting the reception of a message. These theoretical explanations 
suggest that figurative language has the potential to enhance the persuasive value of 
messages by (a) making the message more visible because the language focuses attention 
on the message or by (b) making the message more compatible by drawing on cultural 
values. This implies that using figurative language would enhance the amplification of a 
message. 
 At the same time, research on communicating risk effectively suggests that 
messages that use simpler language are more effective than messages that use complex 
language (Freimuth et al., 2008). Although metaphors have been shown to increase 
attitude change (Sopory & Dillard, 2008), they do this by making familiar ideas strange. 
As a result, metaphors may increase the complexity of a message by making the message 
less clear. This would imply that figurative language would decrease the amplification of 
a message. Thus: 
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RQ5: Are messages containing metaphors amplified more often than those that do 
not contain metaphors? 
 Using the first person. According to the CDC’s CERC manual (Reynolds & 
Seeger, 2014) messages should use personal pronouns, when possible, in order to 
increase identification and trust. By increasing identification and trust, this message 
choice enhances the relative advantage of a message. Thus,  
 H3c: Messages that use the first person (“I” or “we”) will be amplified more often 
than messages that do not use the first person.  
 Direct address. According to Mileti and Sorenson’s (1990) recommendations for 
warning messages, individuals have to understand that the message applies to them (e.g., 
personalize the message) in order to act on it. One way to personalize a message from a 
style perspective is to directly address the receiver by using the second person, “you” or 
“your.”  From a DOI perspective, personalizing a message in this way would have the 
effective of making the message more compatible (i.e., showing that the message applied 
to an individual) and improving the ease with which the innovation can be diffused. Thus,  
H3d: Messages that use the second person (“you” or “your”) will be amplified 
more often than messages that do not use the second person.  
Linguistic cue-to-action. According to the CDC’s Guide to Writing for Social 
Media (2012), social media messages should use emphatic, action-oriented language. The 
examples given in the guide include “Take the test” and “Take control.” These phrases 
serve as linguistic cues-to-action, as they encourage a specific action. Rogers (2003) 
theorized that cues-to-action help individuals overcome barriers to action by providing a 
reason to act. These cues are common in direct-to-consumer-advertising (DCTA) of 
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pharmaceutical products and have been found to increase the likelihood that a patient 
would seek information about a particular product (Lee, 2009). From a DOI perspective, 
a linguistic cue-to-action reduces complexity by providing a clear action. Thus: 
H3e: Messages that contain a linguistic cue-to-action (i.e., “Read this”) will be 
amplified more often than messages that do not employ a linguistic cue to action. 
Retweet request. One specific linguistic-cue-to-action is the request to retweet a 
message. Tan et al. (2014) found that asking followers to share a message by specifically 
requesting followers to “retweet” (or “rt”) increases the expected retweeting rate. 
Malhotra et al. (2012) also found that a direct request to retweet resulted in an increase in 
the predicted retweeting rate. Thus: 
H3f: Messages that contain a specific request to share or retweet will be shared 
more often than messages that do not employ a specific request to share. 
Ebola as a Context for Studying SNS Messages 
In order to test the hypotheses and research questions identified above, I 
conducted a study examining SNS messages on Twitter during the 2014 Ebola crisis in 
the United States. In the next chapter, I describe why the 2014 Ebola crisis and Twitter 
were selected to test these hypotheses and research questions, explain how Twitter 
accounts were identified and messages were collected, and identify how constructs were 
operationalized in order to test the hypotheses and research questions. 
 
  
 
 45 
Chapter Three: Methods 
In order to better understand how message design choice influences message 
effectiveness during a health-related crisis, this study will analyze messages about Ebola 
that were distributed by public health agencies (international, national, state, and local) 
during the Ebola crisis in the United States in fall 2014. I chose this event for the study of 
these types of messages because (a) the event was a public health crisis with a potential 
for widespread harm, (b) the event was an ongoing crisis with multiple points of 
intensification, and (c) the actual cases had impacts across geographic regions in the 
United States (including Dallas, New York City, and parts of Ohio; see Appendix A for a 
timeline of Ebola-related events).  
This study examines these messages on the SNS platform Twitter. At the time of 
the study, Twitter was one of the most popular social networks in the United States. 
According to the Pew Research Center, platform members included 23% of all Internet 
users and 19% of the entire population (Duggan, Ellison, Lampe, Lenhart, & Madden, 
2015). The study focused on messages on the Twitter platform because of its similarity to 
other SNS platforms, its policies regarding the access of data, and its transparency (at the 
time of data collection) regarding how messages are placed in users’ newsfeeds. 
Twitter is similar to other SNS platforms in that 
a) Users are connected in a network fashion. Unlike Facebook (but like other 
popular platforms including Instagram and Pinterest), the connections are not 
necessarily reciprocal. One account can follow another account (i.e., receive the 
messages from that account) without being followed by the account. 
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b) Messages can be in text format, picture format, or text and picture format. This is 
similar to Facebook. Both Pinterest and Instagram emphasize image posts and 
tend to not include text only posts. 
c) Users can send messages directly to other users (@ messages). 
d) Users can call attention to other users in messages (@Account name). 
e) Users can “tag” or categorize messages using hash tags (#) to indicate that 
messages are part of a larger conversation (e.g., #Ebola). 
However, Twitter differs from other popular platforms, most notably Facebook, in two 
key ways that make Twitter preferable for the study of message effectiveness on SNS. 
First, messages on Twitter are public and available to be studied. The motto of Twitter is 
“broadcast” yourself. Although accounts are connected in a network fashion, the 
messages that individual accounts produce are public unless the account holder takes the 
extra step of making those messages private. Second, at the time of the study, messages 
appeared in an individual’s Twitter newsfeed in the order they were posted, with the most 
recent messages appearing at the top of the newsfeed. This type of message placement 
means that whether a message is viewed by any given individual user is influenced by the 
timing of the message and the network connections of the sender.  On Facebook, for 
example, the order of items in a newsfeed depends on a proprietary algorithm, tailored to 
each individual user. The Facebook algorithm is not open to scrutiny, and the result of the 
algorithm is that users may not see messages from those with whom they share a 
connection (Pariser, 2012). From a research perspective, the algorithm adds unmeasured 
variance to the already complex problem of identifying the multiple variables that 
contribute to the distribution of a message through an SNS. 
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Collection of Study Tweets 
Tweets for this study were collected by the HEORIC Project, a collaboration 
between researchers at the University of California – Irvine and the University of 
Kentucky that is funded by the National Science Foundation. Using Twitter’s API 
service, the HEORIC project systematically collects tweets related to hazard 
communication from various Twitter accounts (e.g., emergency managers) and maintains 
a database of the tweets and related information collected from those accounts. For this 
study, I identified additional accounts related to public health and added these to the 
collection system.  
Identification of Twitter Accounts Associated with Public Health Agencies 
There is no Twitter “phonebook” or central database that would allow for the easy 
identification of all the Twitter accounts for public health agencies. In order to identify 
the Twitter accounts of public health agencies in the United States, I consulted three 
sources of publically available Twitter lists. These “lists” are created by Twitter account 
holders and identify other accounts in a category designated by the account holder. The 
first set of lists came from the Centers for Disease Control and Prevention (@CDC) and 
identified the Twitter accounts that are associated with the CDC and its agencies. The 
second set of lists came from the Nation’s Health (@nationshealth), a publication of the 
American Public Health Association. This organization maintains lists of state, federal, 
and local (city, county, and regional) agencies dedicated to public health. The third set of 
lists came from Jenine Harris (@jenineharris), a public health communication researcher 
who studies the use of Twitter by public health departments. Harris and her team 
systematically searched Twitter to identify Twitter accounts that are associated with state 
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and local health departments (Harris, Mueller, & Snider, 2013). In this manner, I 
identified 764 Twitter accounts and added the accounts to the HEORIC collection 
system. Starting in October 2014, all tweets produced by these accounts and associated 
information about the accounts was collected.  
Collection of Study Dataset 
Tweets in the dataset were produced between Oct. 1 and Oct. 29. In addition to 
the tweet text, the Heroic system collected several pieces of related information. This 
information included the number of users following the account, the time and date 
accounts posted the tweets, a URL link for the tweet itself, the text of the tweet including 
hyperlinks and links to any images imbedded in the tweet, and the number of times each 
tweet was retweeted (as of the last time it was collected).  
Once Heroic had gathered the tweets, a separate, automated process identified 
images in tweets and collected them for analysis, using the links provided by Twitter. 
However, in some cases, the automated system did not accurately identify images or 
collected an image from a tweet that was not part of the dataset because of spam within 
the Twitter system. This happened in part because the collected data does not distinguish 
between hyperlinks that appeared as links in a Twitter message and hyperlinks that 
appeared as images. In order to deal with these issues, a second researcher (a doctoral 
student, Chelsea Woods) and I manually examined each tweet that contained a hyperlink, 
collected missing images, and collected the correct image when a spam image had been 
collected. This problem affected approximately 100 messages.  
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Study Parameters 
In order to be included this study, tweets had to be produced by one of the 
identified public health accounts between Oct. 1 and Oct. 29, 2014, and contain the word 
“Ebola.”  The study time period began one day after Thomas Duncan was diagnosed with 
Ebola. Duncan, a Liberian national, was the first person diagnosed with Ebola in the 
United States. His case resulted in large amounts of traditional media coverage, as he was 
first misdiagnosed by a Dallas hospital and later transmitted the virus to two Dallas 
nurses. Ebola has a long incubation period (2 to 21 days from exposure); as a result, 
public health officials could not be certain that the virus had not been transmitted to 
others until at least 21 days after a patient had recovered from the virus or died. The study 
period ended on Oct. 29.  By this point, Duncan’s acquaintances and care providers had 
been released from quarantine, and the two nurses who became sick with Ebola had 
recovered.  
During the study time period, the HEORIC account collection system collected 
10,517 tweets from 705 accounts that contained the word “Ebola.”  
• 5,657 tweets were removed from the dataset because they were not 
produced by a Twitter account associated with a public health agency.  
• 1,753 tweets were removed because they were retweets (RTs). Retweets 
are messages that were first sent by another account and then shared using 
the retweet button. These tweets were removed from the dataset because 
the number of times these tweets have been retweeted (the outcome 
variable in this study) is the number times the original tweet was 
retweeted. Twitter does not provide the number of times the RT was 
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retweeted as a result of being shared by the account from which HEROIC 
collected it. As a result, the outcome variable for these tweets is not 
available, and they could not be analyzed. 
• An additional 30 tweets were removed because they were written in a 
language other than English. Although Twitter boasts members all of over 
the world who speak many languages, these tweets were removed as a 
way to limit unmeasured variability in the data. Tweets written in a 
language other than English (e.g., French or Spanish) have a different 
potential audience (e.g., followers that speak Spanish) than tweets written 
in English. These differences in languages may influence how message 
receivers view and interpret risk. According to the theory of linguistic 
relativity (2011), which is also known as the weak form of the Sapir-
Whorf hypothesis, language can have an influence on thought. Although 
the relationship between language structures and the interpretation of risk 
during health-related crises has not been studied, researchers have 
examined the relationship between language structures and risk aversion 
in the financial realm. For example, Kovacic, Costantini, and Bernhofer 
(2015) found that grammatical structures influenced risk aversion in 
speakers of different European audiences. It was beyond the scope of the 
current study to account for these differences in these potential audiences. 
Because the potential audience influences the number of retweets, these 
tweets were removed from the dataset in order to limit unmeasured 
variance.  
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• 162 Tweets were removed because they were produced by an international 
organization (i.e., The World Health Organization). These tweets were 
removed to limit unmeasured variance in the data, as the focus of this 
study was the Ebola crisis in the United States and these organizations 
were focused on the international crisis. 
The final dataset included 2,915 tweets from 236 accounts. The majority of the 
tweets (n = 1,222, 41.9%) were produced by local health departments. Approximately 
one-third (n = 1,009, 34.6%) were produced by federal health agencies (e.g., Centers for 
Disease Control and Prevention), and approximately one-fifth (n = 684, 23.5%) were 
produced by state public health agencies. On average, each account contributed 12 tweets 
to the dataset (Mo = 1, Mdn = 4). Six accounts contributed 99 or more tweets to the 
dataset. Three of these accounts were associated with the Centers for Disease Control and 
Prevention (DrFriedenCDC, CDCemergency, and CDCgov), two were associated with 
local health departments (ShelbyTNHealth and PHLPublicHealth), and one was 
associated with a state health department (ncpublichealth) 
Coding of Tweet Content 
Development of Code Books 
Messages were coded for the three components that are generally conceptualized 
in message design research: content, structure, and style (Shen & Bigsby, 2012). 
Individual codes drew on previous research that has identified message elements that 
influence message success on social media, research on message design, 
recommendations from practitioners, theoretical concepts, and an inductive coding of a 
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random subset of the data (157 tweets or 5%; see Table 2 and below for an explanation of 
each code).  
As so little research on SNS has examined message design elements and their 
relationship to message amplification, the initial inductive coding sought to identify 
variation in messages that can be defined as intrinsic message features (O’Keefe, 2003). 
As Cappella (2006) noted, the number of possible message elements and combinations is 
endless. However, the inductive coding allowed for the identification of strategies as they 
are currently used by these organizations during a public health crisis (Slater et al., 2015).  
Establishment of Intercoder Reliability 
 After the coding scheme was finalized, I and a second researcher (Jeannette 
Sutton, Ph.D.) went through a brief training session and then each separately coded 200 
tweets randomly selected from the dataset. The reliability of the manual coding was 
measured using Krippendorff’s alpha (α). This measure was calculated in SPSS using the 
macro created by Hayes and Krippendorff (2007). In general, Krippendorff’s alpha was 
high (.70 or greater; Krippendorff, 2004). In some cases, where the data was not 
distributed equally among categories, percentage agreement was used to assess reliability 
as well. Krippendorff’s alpha assumes a relatively even distribution among categories and 
may underestimate reliability in these cases. In such cases, percentage agreement of 95% 
or higher was deemed acceptable for establishing reliability where beyond chance 
agreement could not be established due to insufficient cases. Intercoder reliability and 
descriptive information is reported below and in Table 3. 
  
 
Table 2 
Codes: Definitions, Origins, and Examples 
 Definition Codes Origin (basis in the 
literature) 
 
Example Tweet 
Content    
Hazard 
Information 
Tweet provides 
information about the 
disease itself that can 
facilitate sensemaking.  
0 Absence 
1 Presence 
Deductive 
(Reynolds & 
Seeger, 2014) 
Why is #Ebola hard to get? Must come 
from direct contact with blood, bodily 
fluids of someone ill with Ebola.  
http://t.co/fTqLC9IZLY 
Response 
Instruction 
Tweet provides a 
specific instruction for 
response.  
0 Absence 
1 Presence 
Deductive 
(Reynolds & 
Seeger, 2014) 
CDCgov: Anyone with recent travel to 
countries with #Ebola outbreaks should 
monitor their symptoms for 21 days. 
Official  
Action 
Tweet provides 
information about the 
actions of officials.  
0 Absence 
1 Presence 
Deductive 
(Reynolds & 
Seeger, 2014) 
CDCGlobal: CDC has more than 1,700 
staff in 60+ countries to improve health & 
respond to threats like #Ebola. 
http://t.co/1GMsCqoCYH #CDCchat 
Message Structure    
Image 
Structure 
Image in the tweet is 
coded for its form.  
No image 
Word graphic 
Image graphic 
Photograph 
Inductive (King et 
al., 2014) 
See Figure 1 
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Table 2 (continued)    
Hyperlink Message contains an 
URL linking to a web 
resource. 
0 Absence 
1 Presence 
Deductive (Sutton 
et al., in press) 
Learn the FACTS about #Ebola 
http://t.co/iitWkP02xa 
Message 
Length 
Number of characters in 
a message. 
n/a  Deductive 
(Cameron, et al., 
2011; Reynolds & 
Seeger, 2014) 
n/a 
Sentence 
Structure 
First sentence of the 
tweet is coded for its 
grammatical form. 
Fragments are coded 
for the sentence type 
they most resemble. 
 
 
 
Declarative 
Imperative  
Exclamatory 
Interrogative  
Deductive 
(Malhotra et al., 
2012; Sutton et al., 
2013) 
Declarative: #Ebola is NOT spread 
through casual contact 
http://t.co/b7mWgtPdny 
Imperative: Get facts and information 
about Ebola at http://t.co/cYKyetMiCF  
#EbolaInfoMN 
Exclamatory: NC is prepared to respond to 
#ebola! 76 hospitals in the state have 
drilled on #ebola preparations and 
response #FactsNotFear 
Interrogative: What do you need to know 
about Ebola? http://t.co/UTEr8WHx8q 
Message Style     
Direct 
Message 
Message is directed to a 
particular user (e.g., 
@scvos). 
0 Absence 
1 Presence 
Deductive (Sutton 
et al., in press; Tan 
et al., 2014) 
@StateHealthIN has Ebola information 
available at http://t.co/ajJ4pZMXJg 
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Table 2 (continued)    
User 
Mention 
Message contains a 
reference to another 
user (e.g., @cdc). Does 
not include mentions 
that begin message (see 
above). 
 
0 No mentions 
1 One mention 
2 Two or more 
 
Deductive (Sutton 
et al., in press; Tan 
et al., 2014) 
Answers to Ebola questions provided by 
@atownzz of @ThePlainDealer : 
http://t.co/o90TJkKxSm 
Hashtag Message contains one 
or more hashtags (#). 
0 No hashtags 
1 One hashtag 
2 Two hashtags 
3 Three or more 
Deductive (Tan et 
al., 2014). 
#AnneArundel County, #Annapolis 
Agencies Reinforce Existing Plans in 
Preparation for #Ebola. See:  
http://t.co/FBPMCbOTV1 
Keyword 
Hashtag 
Message contains the 
hashtag #Ebola. 
0 Absence 
1 Presence 
Deductive (Sutton 
et al. in press) 
Fighting #Ebola on the local level 
http://t.co/J1phmbLikr via @WKYC 
@CCBH_Net @monicarobins 
Figurative 
Language 
Message uses a 
comparison, an implied 
comparison, or other 
trope. 
0 Absence 
1 Presence 
Inductive (Sopory 
& Dillard, 2008) 
@zoomarang #Ebola is a wimpy virus that 
does not survive in the environment for an 
extended period of time. #CDCchat 
Personal 
Pronouns 
Message uses the first 
person (I or we). 
0 Absence 
1 Presence 
Inductive 
(Reynolds & 
Seeger, 2014) 
We together can stop the #Ebola virus & 
should always keep in mind that the 
enemy is a virus, not people, countries, 
communities #CDCChat 
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Table 2 (continued) 
 
Direct 
Address 
 
Message directly 
addresses audience 
using a form of you 
(you, you’re, your). 
 
 
0 Absence 
1 Presence 
 
Inductive (Mileti 
& Sorenson, 1990) 
 
Ebola 101: The most important facts you 
need to know about #Ebola are on this 
great @CDCgov flyer. 
http://t.co/VKzS9OWm2m 
Linguistic 
Cue-to-
Action 
Message tells someone 
to do something right 
now (e.g., check out, 
watch, learn, etc.) 
0 Absence 
1 Presence 
Inductive (CDC, 
2012; Rogers, 
2003) 
Get the facts on Ebola! You can only get it 
from blood or body fluids of someone sick 
with it! http://t.co/cDBAnCIyLk 
Retweet 
Request 
Message specifically 
requests a retweet (e.g., 
“Please RT” or “Please 
share”).  
0 Absence 
1 Presence 
Deductive 
(Malhotra et al., 
2012; Tan et al., 
2014) 
October 20 Procedures for Personal 
Protective Equipment | #Ebola 
Hemorrhagic Fever 
http://t.co/oey9J3WC3M Please retweet 
#PPE #CDC 
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Figure 1. SNS message with a word graphic image (far left); with an image graphic (middle); and with a photograph (far right). 
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Table 3 
 
Coded Variables: Intercoder Reliability and Descriptive Information 
 
Variable Coding Method (Reliability) Descriptive Information 
Hazard Information Human (Krippendorff’s α = .99) 1,200 (41.2%) 
Response 
Instruction Human (Krippendorff’s α = 1) 66 (2.3%) 
Official 
Action Human (Krippendorff’s α = .74) 809 (27.8%) 
Image Structure Human (Krippendorff’s α = .9) 
Photograph: 66 (2.2%) 
Image Graphic: 73 (2.5%) 
Word Graphic: 168 (5.8%) 
Hyperlink Human (Krippendorff’s α = .8) 1,528 (52.4%) 
Direct Message Human (Krippendorff’s α = .93) 529,  (18.1%) 
Sentence Structure Human (Krippendorff’s α = .74) 
Declarative: 2,331 (80%) 
Imperative: 287 (10%) 
Interrogative: 242 (8%) 
Exclamatory: 55 (2%) 
Direct Message Human (Krippendorff’s α = .93) 529  (18.1%) 
User Mention Human (Krippendorff’s α = .81) One mention: 555 (19%) Two or more: 158 (5.4%) 
Hashtag Computer 
One hashtag: 1,212 (42%) 
Two hashtags: 558 (19%) 
Three or more: 149 (5%) 
Keyword Hashtag Computer 1,613 (55.3%) 
Figurative 
Language 
Human (Krippendorff’s α = .54, 
95%) 99 (3.4%) 
First Person Computer 612 (21%) 
Direct Address Computer 361 (12.4%) 
Linguistic Cue-to-
Action Human (Krippendorff’s α = .70) 669 (23%) 
Retweet Request Human (Krippendorff’s α = .85) 83 (2.8%) 
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Coding Procedures 
Once intercoder reliability was established, the tweets were coded in Microsoft 
Excel. When possible, computer-driven coding was used. Codes that required 
interpretation were manually coded. For example, the content codes required a human 
coder to interpret the type of content present in the tweet. Codes that consisted of a 
symbol (e.g., #) or one or two specific words were coded using computer-driven 
methods. Krippendorff’s alpha was not assessed for these codes.  
Coded Variables 
Message content. Message content codes were developed both inductively and 
deductively. The coding scheme implemented by Sutton and colleagues (Sutton et al., 
2013; Sutton, Gibson, Phillips et al., 2015; Sutton, Gibson, Spiro et al., 2015; Sutton, 
League, et al., 2015) was consulted as a starting point. These researchers based their 
coding scheme for the content of tweets on Mileti and Sorenson’s (1990) research-based 
recommendations for effective warning messages. These codes were refined for this 
study by bringing in recommendations from CERC (Reynolds & Seeger, 2005, 2014). 
Message content codes were nonexclusive, meaning tweets were coded for each content 
type’s presence or absence separately. Intercoder reliability for theses codes was high, as 
measured by Krippendorff’s alpha (α = 0.7 - 1) or percent agreement (95%).  
Hazard information. Tweets that contained specific information about Ebola that 
has the potential to facilitate sensemaking (Veil et al., 2008) were coded as hazard 
information (n = 1,200, 41.2%). This category included tweets that explained how Ebola 
is spread, how Ebola can be contained, and how the crisis was developing. Intercoder 
reliability for hazard information was high (Krippendorff’s α = .99; Krippendorff, 2004).  
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Response instruction. Messages that contained information about how 
individuals (including specific groups of individuals, like doctors and nurses) could 
protect themselves (Combs, 2009) was coded as response instruction (n = 66, 2.3%). 
Intercoder reliability for response instruction was high (Krippendorff’s α = 1; 
Krippendorff, 2004). 
Official action. Tweets that provided information about what officials were doing 
in regard to the crisis (Reynolds & Seeger, 2014) were coded as official action (n = 809, 
27.8%). This category included announcements about press conferences and other events, 
but it did not include general statements of preparedness unless these statements 
described an official action. Intercoder reliability for official action was strong 
(Krippendorff’s α = .74; Krippendorff, 2004). 
Myth correction. The myth correction code was developed inductively to capture 
those tweets sought to correct a myth and/or misinformation (n = 152, 5.2%). Intercoder 
reliability for myth correction was low (Krippendorff’s α = .56; Krippendorff, 2004). 
This may have been because of the low proportion of myth correction tweets in the subset 
of messages used to establish intercoder reliability; as a result, reliability beyond chance 
agreement could not be established. However, percentage agreement was high (95%). 
Upon analysis, it became apparent that, as operationalized, this code was a subset 
messages of the disease information code and created problems with singularity 
(Tabachnick & Fidell, 2007). As a result, this variable was not included in the analysis. 
Message Structure. The tweets were coded for four aspects of message structure 
(Shen & Bigsby, 2012): images, hyperlinks, length, and sentence structure.  
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Image structure. The image structure code was based on concepts from visual 
communication and visual health communication and an inductive coding of the dataset. 
Existing research suggest that images, in general, increase message effectiveness by 
improving message recall (Seo et al., 2013) and increasing attention to and recall of 
health information (Houts, et al., 2006). However, little research has examined whether 
one type of image is more successful than another type of image. In their development of 
the perceived informativeness scale, King et al. (2014) distinguished between images that 
contain statistical information and those that contain exemplars (specific examples). 
During the inductive coding, these concepts were developed into a three-item coding 
scheme. Tweets that contained indexical information or a photograph were coded as 
photographs (n = 64, 2.2%; see Figure 1 for examples of each image structure). Tweets 
that used graphics to explain concepts were coded as image graphics (n = 73, 2.5%). 
Tweets that used words arranged graphically were coded as word graphics (n = 168, 
5.8%). If the tweet did not contain an image, it was coded as no image (n = 2,610, 
89.5%). Intercoder reliability for Image Structure was high (Krippendorff’s α = .74; 
Krippendorff, 2004). For the purpose of analysis, this variable was dummy coded into a 
series of dichotomous variables with no image as the baseline (Field, 2013; Tabachnick 
& Fidell, 2007).  
Hyperlink. Tweets were coded for the presence of a hyperlink (n = 1,528, 52.4%). 
This code was developed deductively. Previous research suggests that including 
hyperlinks may reduce retweeting rates (Malhotra et al., 2012; Sutton, Gibson, et al., 
2015). This variable was coded using a combination of computer-driven and manual 
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methods. Intercoder reliability for Hyperlink was high (Krippendorff’s α = .8; 
Krippendorff, 2004). 
Message length. Tweets were coded for the number of characters in a tweet (M = 
116.32, SD = 23.46). This code was developed deductively and implemented through 
computer-driven coding. Previous research has found both that longer tweets are more 
effective, when comparing similar messages by the same authors (Tan et al., 2014), and 
that shorter tweets are more effective, when comparing messages of different lengths 
about different topics by different authors (Malhotra et al., 2012).   
Sentence structure. The sentence structure code was developed deductively, 
based on the research of Sutton and colleagues (Sutton et al., 2013; Sutton, Gibson, 
Phillips et al., 2015; Sutton, Gibson, Spiro et al., 2015; Sutton, League, et al., 2015) and 
Malhotra et al. (2012). In those studies, researchers coded each sentence for its 
grammatical structure (declarative, imperative, exclamatory, interrogative). Researchers 
found that using an imperative style increased the number of retweets, compared to other 
sentence forms. In this study, tweets were coded for the four grammatical styles based on 
the grammatical structure of the first sentence of the tweet [Declarative = 2,331 (80%); 
Imperative = 287 (10%), Interrogative = 242 (8%); Exclamatory = 55 (2%)]. Intercoder 
reliability for Sentence structure was high (Krippendorff’s α = .74; Krippendorff, 2004). 
For the purpose of analysis, this variable was recoded into a series of dummy coded 
variables with declarative as the baseline (Field, 2013; Tabachnick & Fidell, 2007) 
Message style. Tweets were coded for style choices (Shen & Bigsby, 2012) that 
have developed as a result of social media use and development and style choices that are 
more general to language use. 
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Direct messages. Tweets were coded as direct messages if they contained an 
@username at the beginning of a message (n = 529, 18.1%). This code was developed 
deductively, based on the research of Sutton, Gibson, Phillips et al., (2015) and Tan et al. 
(2014), and coded using computer-driven and manual methods. Intercoder reliability for 
Direct Messages was high (Krippendorff’s α = .93; Krippendorff, 2004). 
User mention. Tweets were coded for the number of references to other users 
(e.g., @CDC) in the text of the tweet. This count did not include mentions at the 
beginning of a message (e.g., Direct Messages). Research on the use of @username 
suggests that the practice reduces retweeting rates (Sutton et al., 2013; Sutton, Gibson, et 
al., 2015; Tan, Lee, & Pang, 2014). This code was developed deductively and was coded 
using computer-driven methods. Although this variable is theoretically continuous, an 
examination of the distribution showed grouped data; as a result, this variable was 
transformed into ranked categories (Tabachnick & Fidell, 2007). Of the total tweets, 
2,202 did not contain a mention (75.5%); 555 (19%) contained one mention, and 158 
(5.4%) contained two or more mentions. 
Hashtag. On Twitter, a hashtag represents a conversation stream. By searching 
for a hashtag, users can see what others on Twitter are saying about that topic. So far, the 
research on the use of hashtags show mixed results. Tan, Lee, and Pang (2014) found that 
using a hashtag increased the number of retweets, but the finding was not statistically 
significant. Malhotra et al. (2012) found that hashtags did not increase retweeting rates. 
However, Sutton, Gibson, Phillips et al., (2015) found that the use of hashtags increased 
retweeting, if those hashtags were related to the crisis. 
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Tweets were coded for the number of hashtags (#) used in a tweet. This code was 
developed both deductively and inductively. Previous research has examined the 
presence/absence of hashtags and has not examined the effect of using multiple hashtags 
(Malhotra et al., 2012; Sutton, Gibson, Phillips et al., 2015; Tan et al., 2014). This 
variable was coded using computer-driven methods. Although this variable is in theory 
continuous, an examination of count frequencies showed that the messages demonstrated 
four ranked categories of hashtag use: No hashtag (n = 996, 34%), one hashtag (n = 
1,212, 42%), two hashtags (n = 558, 19%), and three or more hashtags (n = 149, 5%). Of 
the messages containing three or more hashtags, 108 had three hashtags, 28 had four 
hashtags, 12 had five hashtags, and one had seven hashtags. In order to account for the 
ranked nature of this variable (Tabachnick & Fidell, 2007), I recoded it into four groups 
for analysis. 
Keyword hashtag. In order to examine the effect of hashtags related to the crisis 
(Sutton, Gibson, Phillips et al., 2015), tweets were coded for the presence of the hashtag 
"#ebola" (n = 1613, 55.3%) This code was developed deductively and coded using 
computer-driven methods. 
Figurative language. Messages were coded for the presence or absence figurative 
language (n = 99, 3.4%). Figurative language was defined as using a comparison (a 
simile or a metaphor) or an implied comparison (a personification or other trope) in the 
text of the tweet (Sopory & Dillard, 2002). For example, using the word "wimpy" to 
describe Ebola was coded as using metaphoric language, as this word choice personifies 
the virus. This code was developed inductively and coded manually. Intercoder reliability 
for Figurative Language was low (Krippendorff’s α = .54; Krippendorff, 2004). This may 
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have been because of the low proportion of messages containing figurative language in 
the subset of messages used to establish intercoder reliability; as a result, strong 
reliability beyond chance could not be established; however, percentage agreement was 
high (95%). 
First person. Messages were coded for the presence of the first person (n = 612, 
21%) if the tweet used the pronouns I, me, we, or us (Reynolds & Seeger, 2014). This 
code was developed deductively and coded using computer-driven methods. 
Direct address. Messages were coded for the presence of a direct address (Mileti 
& Sorenson, 1990) if the text of the tweet contained a direct address to an imagined 
audience (e.g., you or your; n = 361, 12.4%). This code was developed deductively and 
coded using computer-driven methods. 
Linguistic cue-to-action. Messages were coded as containing a linguistic cue-to-
action (n = 669, 23%) if the tweet contained a request for a specific action (CDC, 2012: 
Rogers, 2003). This include phrases like check out, watch, remember, join, get, visit, etc. 
This code was developed inductively and coded using manual methods (Krippendorff’s α 
= .70; Krippendorff, 2004) 
Retweet request. Messages were coded as containing a retweet request (n = 83; 
2.8%) if the tweet contained a request to “retweet” (also “rt”) or “share” a message. This 
code was developed deductively, based on the research of Tan et al. (2014) and Malhotra 
et al. (2012), and coded using manual methods (Krippendorff’s α = .85; Krippendorff, 
2004). 
 
 
 
 66 
Control Variables  
Two variables were used to control for variance in the number of retweets 
unrelated to the message elements. These variables were Follower Numbers and Issue 
Salience. 
 Follower numbers. The number of account followers on the day the tweet was 
sent was collected from Twitter. Previous research has demonstrated that the more 
followers an account has, the more likely messages sent by that account will be retweeted 
(Suh et a., 2010; Sutton et al. 2013; Tan et al., 2014).  As the collection of account 
information on some of the accounts did not begin until after the Ebola crisis emerged in 
the United States2, the number of followers was not available for 495 tweets (17% of the 
analyzed tweets) from 79 accounts. These missing follower numbers were estimated 
using prior knowledge (Tabachnick & Fidell, 2007). More specifically, they were 
estimated by using the account follower number that was collected on the date nearest to 
the date the tweet was produced. In most cases (n = 423, 85%), a follower number was 
collected for the account associated with the tweet within 7 days after the tweet was 
produced. In 72 cases, a follower number was collected within 8 to 15 days. 
This method of estimation was chosen because follower numbers are account 
specific and are not normally distributed. Within the dataset, the number of followers 
ranged from 23 to 1.6 million (M = 206,409.73, Mn = 3,386, SD = 472305.9, Skewness = 
2.422, Kurtosis = 4.304). By using a follower number that was collected after the tweet 
                                                
2 When collecting account information, the Twitter API allows up to 3,000 historical 
tweets produced by the account to be collected. However, Twitter does not allow 
historical follower numbers to be collected. Follower numbers have to be collected each 
day they are produced. 
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was produced, this method of estimation provided a conservative estimate of follower 
numbers by overestimating the number of followers and, thus, likely overestimating the 
influence of follower numbers on the outcome variable (number of retweets).  After the 
missing follower numbers were estimated, this follower count variable was transformed 
using the natural log function in SPSS (M = 8.84, Mn = 8.02, SD = 2.62, Skewness = 
0.69, Kurtosis = -.332). 
 Issue salience. During the study time period a series of events occurred that 
increased news attention to Ebola (e.g., nurses from the Texas hospital acquired Ebola). 
In order to control for the different levels of interest on Twitter in the topic on the day a 
tweet was produced, a salience variable was created. This variable was operationalized as 
the mean number of retweets in the dataset on the day the tweet was produced. The 
resulting variable was not normally distributed (M = 26.67, SD = 19.89, Skewness = 5.72, 
Kurtosis = 45.15) and was transformed using the natural log function in SPSS (M = 3.14, 
SD = 0.513, Skewness = 0.136, Kurtosis = 2.86).  
Analysis of Data 
Before beginning analysis, the variables were screened for accuracy of coding, 
missing data, outliers, singularity, and multicollinearity. Prior knowledge (Tabachnick & 
Fidell, 2007) was used to estimate missing data (see Follower Numbers, above). Two 
variables that were not normally distributed (see Follower Numbers and Issue Salience, 
above) were transformed to reduce the influence of outliers in the analysis (Tabachnick & 
Fidell, 2007). One variable (Myth Correction, see above) was removed from the analysis 
after problems with singularity became apparent.  In addition, two closely related 
variables (Keyword Hashtag and Hashtag, see above) demonstrated problems with 
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singularity and multicollinearity (see Table 4). As a result, I decided to analyze these 
variables in separate models. None of the other variables were highly correlated with one 
another (see Table 4); Tabachnick and Fidell (2007) recommend that variables correlated 
at .7 or higher not be included in the same analysis to avoid problems with 
multicollinearity. 
Two types of generalized linear mixed models were considered for analysis: 
Poisson regression and negative binomial regression. Both Poisson and negative binomial 
regression are count response models, which are a subset of discrete response regression 
models (Hilbe, 2011). Count models seek to explain the number of occurances of an 
event (in this case, the act of amplification or retweeting). These models can account for 
count data, which is "intrinscially heteroskedastic, right skewed," and has a "variance that 
increases with the mean" (Hilbe, 2011, p. 30).   
Both models assume that the data consists of a nonrandom set of observations and 
that predictors have minimal correlation with one another (Hilbe, 2011). The data met 
both these requirements, as it was collected and coded systematically (see above) and an 
analysis of correlations between variables demonstrated that no variables had a strong, 
significant correlation with one another (see above). Negative binomial regression differs 
from Poisson regression in that it can accurately analyze data that is over-dispersed (data 
where the variance exceeds the mean) and highly skewed data, including data that contain 
large numbers of zeroes (Hilbe, 2011). In this case, the outcome variable (number of 
retweets) was overdispersed (M = 18.74, SD = 71.887, s2 = 5,167.72). Its distribution was 
highly skewed and leptokurtic (Skewness = 10.678, Kurtosis = 180.936). It also included 
a large number of zeroes. In 33% of cases, the message was never amplified (n = 961).  
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Table 4 
Comparisons among Predictors and with Outcome Variable 
 1 2 3 4 5 6 7 8 
1. Hazard 
Information 
 .02 d** .32 d** .19 d** .03 d .17 d** .1 d** .05 d** 
2. Response 
Instruction 
  .07 d** .02 d .01 d* .06 d** .02d** .15 d** 
3. Official Action    0.0 d .03d .18 d** .04d* .1 d** 
4. Direct Message     .2 d** .13 d** .02 d .04 d* 
5. Keyword 
Hashtag 
     0.0 d** .07 d** .03 d 
6. First Person       .06 .06 d** 
7. Figurative 
Language 
       .07 d** 
8. Direct Address         
9. Hyperlink         
10. Retweet 
Request 
       
 
11. Linguistic  
Cue-to-action 
       
 
12. Imperative         
13. Exclamatory         
14. Question         
15. Word Graphic         
16. Image Graphic         
17. Photograph         
18. Hashtags         
19. Mentions         
20. Followers (log)         
21. Salience (log)         
22. Retweets         
Note: Comparisons shown are between continuous and dichotomous variables, continuous and rank order 
variables, and continuous and continuous variables. a Pearson correlation, b Spearman rho, c Point-biserial, d 
Cramér’s V  *p ≤ .05, ** p ≤ .01  
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 Table 4 (continued) 
 9 10 11 12 13 14 15 
1. Hazard 
Information 
.21 d** .12d** .26 d** .2 d** .08 d** .18 d** .14 d** 
2. Response 
Instruction 
.05 d** .26d .05 d** .1 d 0.0 d .01 d .03 d 
3. Official Action .08 d** .18 d** .1 d** .07 d** .02 d** .11 d** .1 d** 
4. Direct Messages .26 d** .24 d** .1 d .14 d** .03 d .06 d** .21 d** 
5. Keyword 
Hashtag 
.01 d .1 d** .2 d .07 d** .04 d* .02 d .13 d** 
6. First Person .2 d** .24 d** .19 d** .02 d .05 d** .07 d** .31 d** 
7. Figurative 
Language 
.06 d** .03 d .07 d** .06 d** .03 d .03 d .05 d* 
8. Direct Address .05 d** .05 d* .12 d** .07 d** .16 d** .18 d** .02 d 
9. Hyperlink  .13 d** .09 d** .13d** .01 d .09 d** .22 d** 
10. Retweet 
Request 
  .3 d** .04 d .01 d .01 d .54 d** 
11. Linguistic  
Cue-to-action 
   .51 d** .07 d** .16 d** .16 d** 
12. Imperative     .05 d** .1 d** .03 d 
13. Exclamatory      .04 d* .02 d 
14. Question       .1 d** 
15. Word Graphic        
16. Image Graphic        
17. Photograph        
18. Hashtags        
19. Mentions        
20. Followers (log)        
21. Salience (log)        
22. Retweets        
Note: Comparisons shown are between continuous and dichotomous variables, continuous and rank order 
variables, and continuous and continuous variables. a Pearson correlation, b Spearman rho, c Point-biserial, d 
Cramér’s V  *p ≤ .05, ** p ≤ .01 
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Table 4 (continued) 
 16 17 18 19 20 21 22 
1. Hazard 
Information 
.06 d** .06 d** .06 d** .07 d** .34c** .06c** .12c** 
2. Response 
Instruction 
.04 d .02 d .02 d .03 d .03c 0c 0.02c 
3. Official Action .06 d** .06d** .03 d .04 d -.12c** .01c -0.01c 
4. Direct Messages .08 d** .04 d* .26 d** .16 d** .33c** -.07c** -.10c** 
5. Keyword Hashtag .07 d** .04 d* .81 d** .17 d** .17c** .06c** .11c** 
6. First Person .05 d** .01 d .07 d .06 d** -.08c** -.01c 0 c 
7. Figurative 
Language 
.07 d** .02 d .06 d* .03 d .11c** .03c .13c** 
8. Direct Address .05 d** .01 d .05 d .07 d** -.09c** 0c -0.03c 
9. Hyperlink .07 d** .08 d** .15 d** .03 d -.22c** 0c -.09c** 
10. Retweet Request .03 d .03 d .14 d** .07 d** -.09c** -.1c** -0.03c 
11. Linguistic  
Cue-to-action 
.03 d .04 d* .08 d** .02 d -.14c** -.03c -.04c* 
12. Imperative .07 d** .01 d .08 d** .06 d** -.08c** -.01c -0.01c 
13. Exclamatory .01 d .02 d .09 d** .03 d -.04c* 0c -0.03c 
14. Question 0.0 d .03 d .06 d* .05 d* -.14c** -.02c -.05c** 
15. Word Graphic .04 d* .04 d* .12 d** .11 d** .02c -.04c* .16c** 
16. Image Graphic  .02 d .09 d** .05 d* .04c* .05c** .26c** 
17. Photograph   .06d* .06d* 0c 0c -0.02c 
18. Hashtags    .25b** .23b** .15b** .28b** 
19. Mentions     .08b** .1b** .06b** 
20. Followers (log)      .1a** .32a** 
21. Salience (log)       .16a** 
22. Retweets        
Note: Comparisons shown are between continuous and dichotomous variables, continuous and rank order 
variables, and continuous and continuous variables. a Pearson correlation, b Spearman rho, c Point-biserial, d 
Cramér’s V  *p ≤ .05, ** p ≤ .01 
  
 
 72 
 After evaluating preliminary models with all possible predictors using Poisson 
regression and negative binomial regression, negative binomial regression was chosen as 
the best strategy to analyze the data. The results of the Poisson model indicated a problem 
with overdispersion (dispersion = 29.39); as a result, the data violated a key assumption 
of the Poisson model (Hilbe, 2011).   
A negative binomial regression was performed in SPSS using the maximum 
likelihood estimator. The number of retweets was the dependent variable. Predictors were 
entered into the model in a sequential manner (Tabachnick & Fidell, 2007). Predictors 
that had stronger theoretical influence on the dependent variable and a higher correlation 
(see Table 4) were entered into the model first.  At each step, predictors were evaluated 
for their contribution to the model in terms of their explanatory power and changes in 
model fit statistics. 
Three different model fit statistics were used to assess the model: Akaike 
Information Criterion (AIC), Consistent AIC (CAIC), and Bayesian Information 
Criterion (BIC). AIC and BIC are commonly used fit statistics that evaluate explanatory 
power; CAIC is closely related to AIC but is calculated such that it doesn’t penalize 
models with large numbers of predictors (Hilbe, 2011). These fit statistics allow for 
comparison between models. In all three cases, lower values indicate a better fit. In cases 
where a variable did not significantly contribute to the model and/or model fit statistics 
indicated a worse fitting model, the variable’s theoretical significance was evaluated 
before removing the variable from the model (Hilbe, 2011; Tabachnick & Fidell, 2007). 
In step one, two control variables (follower numbers and issue salience) were 
entered as a block (see Table 5; Tabachnick & Fidell, 2007). Then, the predictor variables
 
Table 5 
Sequential Negative Binomial Analysis Predicting Number of Retweets 
 
Pearson Chi-
Square Dispersion AIC CAIC BIC 
Likelihood ratio 
Chi-Square 
Step 1 
   Followers 
   Salience 8107.94 (2911)** 2.79 16041.71 16069.62 16065.62 1792.77 (2) ** 
Step 2 
   Hashtag 7601.95 (2908)** 2.61 16006.63 16048.48 16055.48 1841.98  (5) ** 
Step 3 
   Word Graphic 
   Image Graphic 
   Photograph 7503.78 (2905)** 2.58 15935.32 15971.55 15995.06 1911.16  (8) ** 
Step 4 
   Hazard Information 
   Official Action 
   Response Instruction 5992.28 (2902)** 2.06 15866.26 15956.97 15943.97 1986.22  (11) ** 
Step 5 
   Figurative Language 6070.55 (2901)** 2.09 15845.30 15942.99 15928.99 2009.18  (12) ** 
Step 6 
   Direct Messages 5745.77 (2900)** 1.98 15352.88 15457.54 15442.54 2503.60 (13) ** 
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Table 5 (continued)       
Step 7 
   Hyperlink 5729.15 (2899)** 1.98 15354.49 15466.13 15450.13 2503.99  (14) ** 
Step 8 
   Mention  
   (removing Hyperlink) 5516.16 (2898)** 1.90 15326.08 15444.69 15427.69 2534.40  (15) ** 
Step 9 
   Imperative 
   Interrogative 
   Exclamatory 5491.21 (2895)** 1.90 15325.82 15465.37 15445.37 2540.66  (18) ** 
Step 10 
   Message Length 
   (removing Sentence Structure) 5569.86 (2897)** 1.92 15325.03 15450.63 15432.63 2537.45  (16) ** 
Step 11 
   Direct Address 
   (removing Message Length) 5466.63 (2897)** 1.89 15318.62 15444.21 15426.21 2511.51  (16) ** 
Step 12 
   First Person 5448.19 (2896)** 1.88 15308.67 15441.24 15422.24 2555.81  (17) ** 
Step 13 
   Linguistic Cue-to-Action 5415.18 (2895)** 1.87 15309.37 15448.93 15428.93 2557.11  (18) ** 
Step 14 
   Retweet Request  (removing    
         Linguistic Cue-to-Action) 5317.28 (2895)** 1.84 15283.77 15403.33 15423.33 2582.7  (18) ** 
Note: *p  < .05, ** p < .01  
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were entered. Predictors that had a stronger correlation with the outcome variable were 
entered first; in those instances where correlations between the predictors and the 
outcome variable was similar, variables identified as significant predictors in past 
research or predicted to be important by theory were entered first (Tabachnick & Fidell, 
2007). In step 2, the hashtag ordinal was entered. In step 3, the dummy-coded image 
variables were entered as a block (Field, 2013). One of them, photograph, did not 
contribute significantly to the model. However, it was retained for analysis because the 
other two variables were significant and the addition of all three improved the model. 
In step 4, the content variables were entered as a block (hazard information, 
response instruction, and official action). Response instruction was not a significant 
predictor; this may have been a result of the low frequency of response instruction 
messages in the dataset creating a situation where the study did not have the power to 
detect significance at this point in model building. The variable was retained because of 
its theoretical importance (Reynolds & Seeger, 2014); and, as the model was constructed, 
it gained significance. In the final model (see Chapter 4), response instruction was a 
significant predictor of the number of retweets at the p < .05 level.  In step 5, figurative 
language was added. In step 6, direct message was added. In step 7, hyperlink was added. 
However, the variable was not significant and model fit statistics were not improved. As 
a result, the variable was removed from the model. In step 8, user mention was added.  In 
step 9, the sentence structure variables were added. However, none of the dummy-coded 
variables made a significant contribution to the model; in addition, model fit statistics 
indicated a worse fit. As a result, these variables were removed from the model. In step 
10, message length was added. The variable did not contribute significantly to the model, 
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and model fitting statistics indicated a worse fit. As a result, this variable was removed 
from the model. In step 11, direct address was added to the model. In step 12, first person 
was added to the model. In step 13, linguistic cue-to-action was added to the model. The 
variable did not contribute significantly to the model, and model fit statistics indicated a 
worse fit. The variable was removed from the model. In Step 14, retweet request was 
added to the model. The final model was significant. 
After fitting this model, a separate model was run to assess the contribution of a 
keyword hashtag. This model excluded the hashtag variable and included keyword 
hashtag. This separate analysis was performed to prevent problems with singularity 
(Tabachnick & Fidell, 2011), as the keyword hashtag variable was embedded in the 
hashtag variable. 
The two models demonstrate that message design choices based on content, 
structure, and style influence message amplification. In the next chapter, I will discuss the 
findings related specific message elements and examine how message design choices 
influence amplification. 
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Chapter Four: Results 
This study examined how message design elements related to content, structure, 
and style influenced the message amplification on SNS during a health-related crisis. The 
analysis used negative binomial regression to evaluate the contribution of different 
message design elements to the amplification of messages. The final model was 
significant, χ (18, N = 2,915) = 2582.704, p < .001, indicating that the predictors, as a 
group, reliably predicted the number of retweets. Wald Chi-Square statistics indicated 
that all of the retained predictors reliably predicted the number of retweets at the .05 
level, except for photographs. Table 6 shows the model beta-weights (with 95% 
confidence intervals), standard error estimates, and Wald Chi-Square statistics. This 
model is used to evaluate all the hypotheses, except for the hypothesis involving the 
keyword hashtag variable.  
The model that included the keyword hashtag variable was also significant, χ (16, 
N = 2,915) = 2567.196, p < .001, indicating that the predictors, as a group, reliably 
predicted the number of retweets. Wald Chi-Square statistics indicated that all of the 
predictors reliably predicted the number of retweets. These predictors were significant at 
the .05 level, except for photographs. Table 7 shows model beta-weights (with 95% 
confidence intervals), standard error estimates, and Wald Chi-Square statistics. 
H1 predicted that messages that provide information that has the potential to (a) 
increase risk understanding, (b) offer information about and insight into official action, 
and (c) increase efficacy would have higher amplification rates, as measured by 
retweeting, than messages that do not contain these types of information. This hypothesis 
was supported. Including hazard information (H1a) in a tweet increased the expected log  
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Table 6 
Negative Binomial Regression Model Predicting Retweets  
Predictor B [95% CI] S.E. 
Wald Chi- 
Square 
(Intercept) -4.73 [-5.1, -4.35] 0.2 587.66a 
Retweet Request 0.96 [0.6, 1.35] 0.2 23.65a 
First Person 0.25 [0.1, 0.4] 0.08 10.63a 
Direct Address -0.28 [-0.45,  -0.1] 0.09 9.15a 
Two or more mentions -0.4 [-0.66, -0.15] 0.13 9.53a 
One mention -0.37 [-0.51, -0.23] 0.07 25.87a 
Direct Message -2.37 [-2.54, -2.19] 0.09 702.02a 
Figurative Language 0.65 [0.36, 0.94] 0.15 19.03a 
Hazard Information 0.56 [0.44, 0.69] 0.06 83.1a 
Response Instruction 0.39 [0.04, 0.74] 0.18 4.74b 
Official Action 0.46 [0.33, 0.6] 0.07 46.47a 
Word Graphic 0.85 [0.58, 1.13] 0.14 36.46a 
Image Graphic 1.12 [0.79, 1.44] 0.17 44.59a 
Photograph -0.22 [-0.59, 0.15] 0.19 1.38 
Three or more hashtags -0.07 [-0.33, 0.19] 0.13 0.27 
Two hashtags 0.03 [-0.14, 0.2] 0.09 0.12 
One hashtag 0.3 [0.17, 0.44] 0.07 19.04a 
Followers (Natural Log) 0.57 [0.54, 0.59) 0.01 1838.77a 
Salience (Natural Log) 0.33 [0.23, 0.43] 0.05 41.24a 
Note: χ (18, N = 2,915) = 2582.7, p < .001; a = Significant at the p  < .01 level; b =  
significant at the p < .05 level. Model estimated in SPSS using maximum likelihood. 
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Table 7 
Negative Binomial Regression Model Predicting Retweets using Keyword Hashtag 
Parameter B [95% CI] SE Wald Chi-Square 
(Intercept) -4.65 [-5.03, -4.27] 0.19 579.45a 
Retweet Request 0.90 [0.52, 1.28] 0.19 21.29a 
First Person 0.27 [0.12,  0.42] 0.08 12.77a 
Direct Address -0.29 [-0.47, -0.11] 0.09 10.32a 
Two or more Mentions -0.48 [-0.73, -0.23] 0.13 13.91a 
One mention -0.39 [-0.53, -0.25] 0.07 29.11a 
Direct Message -2.32 [-2.50, -2.15] 0.09 686.44a 
Figurative Language 0.67 [0.38, 0.96] 0.15 20.1a 
Hazard Information 0.55 [0.43, 0.68] 0.06 80.25a 
Response Instruction 0.40 [0.04, 0.75] 0.18 4.86b 
Official Action 0.46 [0.33, 0.60] 0.07 46.05a 
Word Graphic 0.88 [0.60, 1.15] 0.14 38.99a 
Image Graphic 1.21 [0.88, 1.53] 0.17 52.8a 
Photograph -0.19 [-0.55, 0.18] 0.19 0.97 
Keyword Hashtag 0.21 [0.09, 0.32] 0.06 11.91 
Followers (Natural Log) 0.56 [0.54, 0.59] 0.01 1833.92a 
Salience (Natural Log) 0.32 [0.22, 0.42] 0.05 39.81a 
Note: χ (16, N = 2,915) = 2567.196, p < .001; a = Significant at the p  < .01 level; b = 
significant at the p < .05 level. Model estimated in SPSS using maximum likelihood. 
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count in the number of retweets by 0.564; in other words, tweets that contained hazard 
information are expected to be retweeted 76% more often than tweets that do not include 
hazard information, holding all other predictors constant. Including information about 
official action (H1b) increased the expected log count in the number of retweets by.46; in 
other words, tweets that contain information about official action are expected to be 
retweeted 59% more often than tweets that do not contain this information. Including a 
response instruction (H1c) increased the expected log count by .39; in other words, 
tweets that contain a response instruction are expected to be retweeted 47% more often 
than tweets that do not contain a response instruction, holding all other predictor values 
constant.  
H2a predicted that messages with images would have higher retweeting rates than 
messages without images. This hypothesis was partially supported. Compared to not 
using an image, using a word graphic increased the expected log count in the number of 
retweets by .851; in other words, tweets that include word graphics are expected to be 
retweeted 1.34 more times than tweets that do not include any image, holding all other 
values constant. Compared to not using an image, using an image graphic increased the 
expected log count in the number of retweets by 1.12; in other words, tweets that include 
an image graphic are expected to be retweeted more than twice as often (205%).  
However, using a photograph did not significantly change the expected log count in the 
number of retweets and, in fact, the analysis indicated that photographs may actually 
decrease the expected log count. However, the Wald-Chi Square statistic was not 
significant for this variable, indicating that this variable was not a significant predictor. 
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 Hypothesis H2b predicted that messages with images that contained more visual 
information would have higher retweeting rates than messages with images that 
contained less visual information. This hypothesis was partially supported. Compared to 
using no image, using an image graphic had a higher predicted retweeting rate than using 
a word graphic. However, the confidence intervals for these two variables overlapped 
(see Table 6). Using a photograph, which contains more visual information than either a 
Word graphic or an Image graphic, did not significantly increase the predicted retweeting 
rate and, in fact, indicated a decrease in retweeting rates. 
 H2c predicted that messages that contained a hyperlink would have lower 
amplification rates than messages without hyperlinks. This hypothesis was not supported. 
Using a hyperlink was not associated with a significant change in the expected log count 
in the number of retweets, and this variable was not included in the final model.  
 H2d predicted that shorter messages would have higher amplification rates than 
longer messages. This hypothesis was not supported. Using shorter messages was not 
associated with a significant change in the expected log count in the number of retweets, 
and this variable was not included in the final model. 
 RQ1 asked how the type of sentence influenced message amplification. None of 
the sentence structure variables significantly influenced the expected log count in the 
number of retweets. As a result, these variables were not included in the final model.  
 H3a predicted that directing a message (@username at the beginning of a 
message) would decrease the amplification of a message. This hypothesis was supported. 
Using a direct message decreased the expected log count in the number of retweets by 
2.37, compared to not using a direct message. In other words, beginning a tweet with 
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@username resulted in a 90% decrease in the number of retweets, holding all other 
variables constant. 
 RQ2 asked how using a mention (@username at any point after the first character) 
affected the amplification of a message. This practice decreased the expected log count in 
the number of retweets by .37 when one mention was included, compared to not 
including a mention in the message. In other words, mentioning another Twitter account 
resulted in a 31% decrease in the number of retweets. 
 RQ3 asked how using multiple mentions affected message amplification. This 
practice decreased the expected log count in the number of retweets by .4, compared to 
not using multiple mentions in a message. In other words, including multiple mentions of 
other Twitter users resulted in a 33% decrease in the number of retweets. 
 H3b predicted that messages that contained a keyword hashtag would be 
amplified more often than messages without a keyword hashtag. This hypothesis was 
supported. Using a keyword hashtag increased the expected log count in the number of 
retweets by .21; in other words, tweets that contained a keyword hashtag had 23% more 
retweets than tweets that did not use a keyword hashtag, holding all other variables 
constant.  
 RQ4 asked how the use of multiple hashtags affected message amplification. The 
results indicated that, compared to not using a hashtag, using one hashtag in a tweet 
increased the expected log count in the number of retweets by .3; in other words, this 
practice resulted in 35% more retweets. Using more than one hashtag did not influence 
the number of retweets significantly. 
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 RQ5 asked how the use of metaphors would affect message amplification. The 
results indicated that using figurative language increased the expected log count in the 
number of retweets by .645; in other words, this practice resulted in 91% more retweets, 
compared to tweets that did not use figurative language, holding all other variables 
constant. 
 Hypothesis H3c predicted that messages using the first person (“I” or “We”) 
would be amplified more often than messages that do not use the first person. The results 
indicated that, compared to not using the first person, using the first person increased the 
expected log count in the number of retweets by .25; in other words, using the first person 
resulted in 28% more retweets, holding all other variables constant.  
H3d predicted that messages using the second person (“you” or “your”) would be 
amplified more often than messages that do not use the second person. This hypothesis 
was not supported. The results indicated that using the second person decreased the 
expected log count in the number of retweets by .28; in other words, using the second 
person resulted in 24% fewer retweets, holding all other variables constant. 
 H3e predicted that messages that contain a linguistic cue-to-action (i.e., “Read 
this”) would be amplified more often than messages that do not contain a linguistic cue-
to-action. This hypothesis was not supported. The linguistic cue-to-action variable did not 
contribute significantly to the model, and the variable was not included in the final 
model. 
 H3f predicted that messages that contain a specific request to retweet would be 
shared more often than messages that do not include a specific request. The hypothesis 
was supported. Including a specific request to retweet increased the expected log count in 
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the number of retweets by .96. In other words, a retweet request resulted in a tweet being 
retweeted 1.62 times more often, holding all other variables constant.  
 The results demonstrate that message design elements related to content, 
structure, and style influence the amplification rates of messages on SNS. In other words, 
message choices matter on SNS and can increase the exposure of a message. As will be 
discussed in the next chapter, these results also demonstrate that messages can 
conceptualized as innovations and, as such, message elements can be conceptualized as 
characteristics that influence the diffusion of messages on SNS. 
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Chapter Five: 
Discussion and Conclusion 
 At the time of a health-related crisis, effective communication can change 
outcomes by instructing how to respond and offering reassurance (Reynolds & Seeger, 
2005). Messages about health-related crises often appear first on social networking sites 
like Facebook and Twitter (Reynolds & Seeger, 2014). This means that health 
departments and other government agencies charged with protecting the public at the 
time of a health-related crisis (e.g., CDC) need to not only use SNS as a communication 
channel, they need to use it effectively. At a very basic level, messages require exposure 
for effectiveness (Hornik, 2002). Unlike mass communication, in which exposure occurs 
through broadcast, communication on SNS is networked, meaning that individuals 
control exposure through their choice to share a message with their articulated 
connections. Message exposure increases (or is amplified) with each sharing of a 
message. However, little research has examined how to design health messages for 
amplification and thus increase their influence on SNS.  
 This study examined SNS messages from local and state health departments and 
federal agencies charged with communicating with the public during a public health 
crisis. The findings demonstrate that message elements related to content, structure, and 
style influence message amplification on SNS. In other words, messages can be designed 
to be more successful on SNS in terms of their amplification value. In this chapter, I will 
discuss the theoretical implications of these findings related to DOI and the theoretical 
conceptualization of SNS and SNS messages. I will discuss what these findings mean for 
the value of using CERC to compose SNS messages during a health crisis. In addition, I 
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will discuss the practical guidance that follows from these findings for designing 
messages during a public health crisis.   
Theoretical Implications 
Diffusion of Innovations 
The results add to the evidence that suggests that DOI (Rogers, 2003) is an 
appropriate theory to apply to SNS in order to understand effective communication on 
these platforms. The results demonstrate that messages can be conceptualized as 
innovations as the characteristics of innovations (Rogers, 2003) influence the 
amplification of a message on SNS. According to DOI, innovations that are perceived to 
be more advantageous, more compatible, easier to try, easier to observe, and less 
complex are adopted more quickly (Rogers, 2003). In this study, messages that contained 
elements that enhanced these characteristics were shared more often than messages that 
did not (see Table 8 for a summary of innovation characteristics, message design choices, 
and study findings). Messages that had a relative advantage (Rogers, 2003) in that they 
provided information that people need at the time of crisis by increasing understanding of 
risk (Weick, Sutcliffe, & Obstfeld, 2005), offering insight into official action (Reynolds 
& Seeger, 2014), and providing efficacy information (Coombs, 2009) had a higher 
predicted retweeting rate than messages than did not contain these types of information. 
Messages that were more compatible (Rogers, 2003), in that they used a keyword 
hashtag, which placed these messages in a topic-compatible conversation, had a higher 
predicted retweeting rate. Messages that were easier to try (Rogers, 2003), in that they 
used image and word graphics to convey information, also had a higher predicted 
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Table 8 
Summary of Findings related to Innovation Characteristics and Message Design Choices 
Innovation Characteristic Message Design Choice Predicted Influence 
Influence 
Found 
Relative Advantage Hazard Information + ✔  
 Response Instruction + ✔ 
 Official Action + ✔ 
   	
Ease Tried Image Type + ✔ and 〰 
 
 Hyperlink - 〰 
 Message Length - 〰 
 Sentence Structure ? 〰 
    
Visibility Direct Messages - ➖ 
 User Mentions ? ➖ 
 Keyword Hashtag + ✔ 
 Hashtag(s) ? ✔ and 〰 
 
   	
Visibility/Compatibility Figurative Language ? ✔ 
   	
Relative Advantage First Person + ✔ 
 Direct Address + ➖ 
 Linguistic Cue-to-Action + 〰 
 Retweet Request + ✔ 
Key: + = Increase in amplification predicted, - = Decrease in amplification predicted, ? = Research question 
proposed, ✔= Statistically significant increase in amplification found, ➖= statistically significant decrease 
found, 〰 = findings were not significant.  
 
retweeting rate. Messages that were easier to observe (Rogers, 2003), in that they used a 
hashtag or a keyword hashtag to contribute to a larger conversation, had a higher 
predicted retweeting rate; messages that were more difficult to observe (Rogers, 2003), in 
that they began with an @username and were directed to one user, had a lower predicted 
retweeting rate.  
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These findings suggest that SNS messages can be conceptualized as innovations 
and that the characteristics of innovations, as identified by Rogers (2003), can be applied 
to message elements in SNS messages. Conceptualizing message elements as 
characteristics of innovation draws attention to the importance of message design 
choices. By showing that message design choices influence retweeting rates, this study 
demonstrates the importance of using well-constructed messages on SNS. On these 
platforms, a well-designed message has a higher distribution than a message that is not 
well-designed (see Tables 9 & 10). 
These results also suggest that strategies that increase persuasion may also 
increase amplification. For example, in a meta-analytic review of research on metaphors 
and persuasion, Sopory and Dillard (2002) found that metaphorical language was more 
successful than plain language in changing attitudes. In this study, tweets that contained 
figurative language, including metaphors and other tropes, had a higher retweeting rate 
than tweets that did not contain figurative language. The findings on image graphics and 
word graphics also support this claim. Previous research on images has found that visual 
elements increase a person’s ability to recall messages (Seo et al., 2013); in fact, this 
finding has been so well supported in research that it is known as the picture superiority 
effect (Nelson et al., 1976). In this study, tweets with word graphics and image graphics 
had higher retweeting rates than messages that did not contain word or image graphics 
 Not all of message elements theorized to enhance characteristics of a message 
contributed to higher retweeting rates. This study predicted that hyperlinks would 
decrease the predicted retweeting rate because the inclusion of a hyperlink increases the 
complexity of a message by requiring an extra action by the user. However, the results  
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Table 9 
Message Strategies that Matter 
Feature Recommendation Example 
Content  Provide specific information about 
the crisis, say what officials are 
doing, and tell people how to 
respond. 
 
Images Use image and word graphics but 
evaluate photographs carefully 
before using. 
 
Hyperlinks Use links intentionally 
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Table 9 (continued) 
Direct 
Messages 
Start a message with @username 
for just that user. 
 
Hashtags Use keyword hashtags. 
Use only one hashtag. 
 
Figurative 
Language 
Use figurative language when 
possible. 
 
Personal 
Pronouns 
Use the first person (when 
appropriate) to refer to your 
organization. 
 
Request a RT Request a RT (or retweet) if 
appropriate.  
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Table 10 
Message Strategies to Avoid 
Feature Recommendation 
User Mentions Avoid mentioning other users (@username) as this strategy 
contributed to decreased amplification.  
Linguistic Cues-to-Action This style choice (Read this!) did not influence message 
amplification. However, it takes up characters without 
adding content. As a result, it should be avoided. 
Second Person This practice decreased the amplification value of messages; 
as a result, it should be avoided. 
 
suggest that hyperlinks do not significantly influence predicted retweeting one way or 
another. This variable was dropped from the model because of the lack of significant 
influence on retweeting rates. This study predicted that shorter messages would be less 
complex and, as a result, would contribute to higher retweeting rates. This hypothesis was 
also rejected. This study predicted that linguistic cues-to-action would result in higher 
retweeting rates because this practice would reduce complexity by providing a clear 
action. This hypothesis was rejected. Finally, this study predicted that messages that 
contained images with the most visual information (i.e., photographs) would have the 
highest retweeting rates because these messages would be easier to understand. This 
hypothesis was rejected. Photographs were not a significant predictor of message 
amplification; in addition, the direction of the influence was negative, meaning that 
photographs tended to detract from message amplification. 
 These findings should be viewed as failures to accurately conceptualize particular 
message elements as characteristics of an innovation — not as evidence that DOI 
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(Rogers, 2003) is not an appropriate framework through which to conceptualize 
communication on SNS. For example, in the case of 140 characters, a shorter tweet may 
not be simpler. It may just be shorter. The value of conceptualizing messages as 
innovations is not that this conceptualization provides exact guidance on particular 
message elements. Rather, the value is that this conceptualization provides a way to 
understand how message elements affect distribution on SNS and provides a framework 
to classify message elements. 
 The failure to accurately predict may also be a result of how message elements 
were operationalized in the message themselves. For example, both word and graphic 
images contributed to increased retweeting rates, supporting the hypotheses that predicted 
that images would increase amplification by making the message easier to “try” or 
understand. However, the results suggested that photographs contributed to a decrease in 
retweeting rates. This may be because the photographs used in the messages in this 
dataset were not effective visual components. Many of the photographs were static 
images of press conferences or officials like the image shown in Figure 1. Photographs 
that are more visually compelling may be more effective than the images that were used 
in these messages. 
More important than any one finding, the preponderance of evidence from this 
study supports using DOI (Rogers, 2003) as a theoretical lens through which to 
conceptualize communication on SNS by showing that messages function as innovations. 
In doing so, the study adds to previous research that has demonstrated the value of using 
DOI as a framework for understanding communication in this new and growing medium 
(Centola, 2011; Lee et al., 2015). 
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DOI (Rogers, 2003) is one the few communication theories that accounts for both 
mass and interpersonal communication. SNS facilitates both mass messages (from one to 
many followers) and interpersonal and small group messages (from one to a small 
number of followers). DOI draws attention to the relationship between mass and 
interpersonal communication and the spread of innovations, or, in this case, messages. 
According to DOI, mass communication spreads awareness of innovations but 
interpersonal communication facilitates adoption or actual persuasion. This happens as 
individuals see others in their (offline) social network adopting innovations. SNS makes 
the adoption of messages public. Individuals adopt messages by sharing or retweeting 
them. As a result, messages that have been shared should be more influential (i.e., 
persuasive) than the same messages that have not been shared. Although this theoretical 
claim needs to be tested empirically, it suggests another reason messages should be 
designed for amplification: Each act of amplification exposes and/or re-exposes another 
group of individuals to a message and may increase the persuasive value of the message 
itself by showing that others have endorsed the message.  
CERC 
From a theoretical standpoint, this study also adds to evidence demonstrating the 
value of CERC (Reynolds & Seeger, 2005) for composing messages that facilitate 
effective response during a health-related crisis. CERC draws on research and theory in 
risk and crisis communication to identify effective message strategies. The theory is 
designed to guide effective response. This study demonstrated that key message types 
identified by CERC as messages that people need during a health-related crisis are also 
messages that individuals will share more often on SNS. In other words, messages that 
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contain information that contributes to sensemaking, identifies what officials are doing, 
or increases efficacy are amplified more often than messages that do not contain this 
information. This finding suggests that, as CERC claims, people need this type of 
information at the time of a health-related crisis. 
One troubling aspect of this finding, however, were the few number of messages 
that contained information that could increase efficacy and contribute to effective 
response. Less than 2% of the messages (n = 66) contained information that instructed 
individuals how they should respond. Even in a health-related crisis like the one 
examined in this study, where the likelihood that any one individual would be infected 
with the disease was very low, messages that contain response instructions increase 
efficacy (Coombs, 2009).  Individuals with higher levels of efficacy are less likely to 
respond with fear (Witte, 1992) and, as a result, are more likely to respond to a threat in a 
constructive manner. 
The lack of response information found in this study is similar to the lack of 
response information in other studies that have examined health-related messages on SNS 
during a crisis event. Vos and Buckner (2016) looked at general public messages during 
an Asian bird flu outbreak in spring 2013 and found that less than 2% of these messages 
contained efficacy information. Sutton, League, et al. (2015) examined messages from 
officials during a flood event in Colorado and found a low proportion of messages 
instructing individuals as to how they could protect themselves from contaminated water.  
The findings from these studies and the current study suggest that organizations charged 
with communicating to the public need to disseminate more messages that provide 
information about how to respond during health-related crises.  
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Perhaps public health officials need more training and guidance on how to apply 
CERC effectively during a crisis. Freimuth et al. (2008) examined local officials’ ability 
to compose messages according to CERC principles during a simulated crisis and found 
that officials had trouble implementing CERC, even though the officials had been trained 
to use CERC. The lack of response messages on SNS in the current study and earlier 
studies (Sutton, League, et al., 2015; Vos & Buckner, 2016) suggests that challenge of 
composing messages according to CERC principles still exists. 
Practical Implications 
 From a practical standpoint, the results of this study offer guidance as to how 
organizations communicating about a health risk should design messages for distribution 
on SNS. Unlike mass communication platforms, SNS messages are distributed in a 
network fashion as users share messages with their followers and those followers then 
share messages with others. This means that in order to achieve high exposure, a 
necessary component of effective health messages (Hornik, 2002), users need to compose 
messages that will be more likely to be amplified. This study shows that health 
departments and other organizations charged with communicating to the public during a 
public health crisis can increase the exposure of their message by designing messages 
that facilitate amplification. The results suggest that using effective message strategies 
can be as effective (and in some cases, more effective) as increasing the number 
followers or sending a message at a time when a topic is salient. Message content, 
message structure, and message style influence message amplification (see Tables 9 & 
10). As a consequence, practitioners should pay attention to all three elements.  
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 The increased amplification of any given message not only increases the exposure 
of a message but also increases the opportunities for the user sending the message to gain 
followers. With each act of amplification, the message and the account are distributed to 
a different network of users. Sutton et al. (2013) found that as the number of followers 
increased for a given account, so did the number of retweets. The amplification of 
messages from an account and the number of followers that account has are likely 
related. As retweets expose a message to new networks of users, those users are also 
exposed to the account sending the message, providing an opportunity to then follow the 
account. 
Content Matters 
Messages with better information go further. The results of this study suggest that 
messages that contain content that facilitates sensemaking, offers information about 
official action, or provides information to increase efficacy have a higher predicted 
retweeting rate than messages that do not contain this content. In other words, messages 
that provide information that CERC (Reynolds & Seeger, 2005) identifies as key to 
facilitating effective response during a health-related crisis are more successful, in terms 
of their amplification value, than messages that don’t include this type of information.  
This study shows that including these types of information in messages helps 
individuals respond appropriately not only by reducing uncertainty, providing 
reassurance that officials are taking action, and increasing self-efficacy, but also because 
better information increases exposure to a message on SNS. As a result, better 
information increases the opportunities for learning from the message, perceiving that the 
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message is important, engaging in conversation about the message, and believing that the 
behavior advocated by the message is socially expected (Hornik, 2002). 
 When possible, use image and word graphics. Messages that use image and 
word graphics have a higher amplification value, increasing the reach of these messages. 
Images likely do this because they attract increase attention to a message and improve 
recall of the message (Houts et al., 2006).  
Use photographs carefully.  In this study, photographs did not increase 
amplification; the direction of the predicted retweeting rate for photographs was negative 
and not significant. This finding is contrary to the picture superiority effect (Nelson et al., 
1976), the claim that using a visual illustration or image should increase the effectiveness 
of a message, and at odds with the previous finding, that graphic images increased the 
amplification value of the message. This may be because many of the photographs used 
in the messages studied were static images of press conferences or individuals sitting at 
tables (see Figure 1 for an example). In other words, as operationalized in this study, 
photographs may not have been successful images. Since the photographs in this study 
were created by organizations charged with communicating during a public health 
emergency, these organizations may need to reassess their use of pictures in SNS 
messages. 
Use links intentionally. This study found that including a hyperlink did not 
influence the amplification value of a message, negatively or positively. However, 
Sutton, Gibson, Phillips et al. (2015) found in five different hazard events that hyperlinks 
hurt retweeting rates. One reason for this discrepancy could be the difference in the 
events examined. Sutton, Gibson, Phillips et al. examined hazards with eminent threat; 
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during these events, individuals had little time to respond. In the case of Ebola, the hazard 
was slow moving and only a few people were in actual danger of getting the virus, even 
though fear was widespread.  
Although using a link in this study did not hurt the amplification value of 
message, the practice did not help. As a practical matter, not using a link leaves space for 
other information that may increase the amplification value of a message. For now, the 
evidence suggests that the default practice should not be to include a link, as suggested by 
the CDC’s Health Communicators Social Media Toolkit (2011). Instead, health 
communicators should include a link when the intention of the message is to direct 
individuals to an online resource that provides additional information that could reduce 
uncertainty by facilitating sensemaking, providing response instruction, and describing 
official action.  
 Begin messages with @username only when the message is just for that user. 
Although this seems obvious, there were messages in the dataset that were clearly 
composed for a broader audience but were sent directly to another user. When a message 
begins with @username, the message appears in the feed of the sender and the receiver. 
The sender’s own followers do not receive the message in their feed. As a result, this 
message has very little exposure. As Hornik (2002) argued, exposure is key to broad 
campaign message success. 
 Avoid mentions (@username in the message). Mentioning another user also 
decreased the amplification rates of a message, as did using multiple mentions. As a 
result, this practice should be avoided. 
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 Use a keyword hashtag. Messages that contained a keyword hashtag related to 
the crisis (#ebola) had a higher predicted retweeting rate than messages that did not 
contain a keyword hashtag. On Twitter, using a hashtag places a message in a 
conversation about a topic that includes other Twitter users who are interested in the 
topic. These other users are not necessarily followers of the account sending the message. 
By using a keyword hashtag, users place messages in a conversation where the message 
is more likely to be read and well-received.  
 Use only one hashtag. Using one hashtag, whether that hashtag is a keyword 
hashtag or not, increases the amplification value of a message. However, using multiple 
hashtags does not. As a result, this practice is not recommended. Single hashtag tweets 
are a better message strategy for amplification goals. 
Use figurative language when possible. Obviously, not every message of 140 
characters or less can include an implied metaphor, a trope, or a personification. 
However, these strategies have been shown to increase attitude change in offline 
messages (Sopory & Dillard, 2002) and, in this study, messages that included figurative 
language had a higher amplification value. When figurative language adds to the message 
and increases its explanatory power, it should be used. At the same time, care should be 
taken that figurative language does not add unneeded complexity. 
Use the first person when needed. The results of this study support the 
recommendation by the CDC’s CERC manual (Reynolds & Seeger, 2014) to use the first 
person to refer to the organization sending the message. Messages that used the first 
person had a higher amplification rate than messages that did not use the first person. 
According to Reynolds and Seeger (2014), this strategy increases identification and trust.  
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Avoid the second person. Addressing messages to individuals by using “you” or 
“your” decreased the amplification value of a message. As a result, this practice should 
be avoided. One possible explanation for this finding is that using a direct address did not 
seem authentic to the receivers of the message, as they understood that the message was 
communicated to many people not just them individually. Another possibility is that the 
receivers thought the message was just for them and, as result, they did not share it. 
Avoid linguistic cues-to-action. In this study, linguistic cues-to-action (e.g., 
“Read this”) did not influence the amplification value of messages positively or 
negatively. As a result, this practice is not recommended. Linguistic cues-to-action use 
character space with adding to the amplification value of a message.  
Request a RT if appropriate. Requesting a retweet (e.g., “Please RT”) increased 
the amplification value of a message. This strategy is recommended for key messages 
where asking others to specifically share a message would be appropriate.   
Limitations 
 This study is limited as it examined one set of accounts from one SNS platform at 
one point in time. Examining a different set of accounts during a different event on a 
different platform may have produced different results. Although the study attempted to 
examine messages from all local and state health departments and state and federal 
agencies charged with communicating to the public during a public health crisis, some 
accounts may have been missed.  
 Many possible mechanisms exist for message amplification, although this study 
tried to account for those not related to the messages by controlling for follower numbers 
and salience. However, unmeasured variance likely exists within the dataset. In addition, 
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as a result of the methods used in this study, the result cannot demonstrate causation 
between message elements and message amplification; the results can only measure the 
strength of the relationship between them. Some of the relationships found between 
message amplification and individual predictors were small, even though they were 
significant.  
Future Research 
 The results of this study point to several areas for future research. Future research 
should examine SNS messages during different crises and on different SNS platforms to 
demonstrate that the findings of this study apply to other health-related crises, as argued 
in this dissertation. Future research should examine whether other message types 
recommended by CERC (e.g., resiliency messages; Reynolds & Seeger, 2014) also 
increase message amplification. Given the importance of composing messages that 
include information to encourage sensemaking, identify what officials are doing, and 
instruct individuals how to protest themselves during a health crisis (Veil et al., 2008) and 
for facilitating amplification on SNS, as this study has demonstrated, future research 
needs to identify effective ways to train those tasked with communicating during health 
crises.  
Several findings from this study deserve more attention. More investigation needs 
to be done to understand hyperlinks and their relationship to message amplification. This 
is especially important given the discrepancy between the findings of this study and 
Sutton, Gibson, Phillips et al.’s (2015) work on SNS communication during hazard 
events. Future research should examine if the role of the link in the message (e.g., 
whether the user is being intentionally directed to that resource) influences message 
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amplification and examine why users decide to amplify public health messages, with and 
without links. In order to understand why users decide to amplify public health messages, 
researchers should implement other methods, including interview and survey research. 
Understanding why users decide to amplify messages may provide additional information 
that will help researchers figure out why hyperlinks decrease message amplification in 
certain situations and how to avoid that problem. 
More investigation needs to be done to understand the role of images in SNS 
messages. In particular, future research should examine message clarity in photographs 
and graphics (Tufte, 1997) and identify how to assess images based on their elements. In 
other words, scholars need to identify the intrinsic message features (O’Keefe, 2003) of 
images. Doing this will enable scholars to study image features that contribute to success 
in terms of their persuasive value and their amplification value. 
 Future research should examine the success of messages on SNS using outcomes 
other than amplification. This study tested the message effectiveness in terms of the reach 
of messages (e.g., the likelihood that message will be shared on SNS). Future research 
should examine the effectiveness of SNS messages in terms of their persuasive value 
(e.g., their ability to change attitudes, behavioral intentions, and behaviors) by examining 
SNS messages using survey and experimental methods. This research should examine the 
relationship between persuasion and amplification on SNS. Although the results of this 
study suggest a connection between these two concepts, this study did not have the ability 
to establish this relationship empirically. This research should also investigate whether 
messages that have been shared are more persuasive than messages that have not been 
shared.  
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Finally, future research should investigate what the act of amplification means in 
terms of the individuals who share messages. Are individuals more likely to exhibit 
changes in attitudes, behavioral intentions, and behaviors if they amplify a message? Or, 
do individuals share messages that they already agree with? More work needs to be done 
to understand from a user-perspective why individuals share messages related to health 
and what the act of sharing means for those individuals in terms of changes in attitudes, 
behavioral intentions, and behaviors. This research needs to be conducted using 
interview, survey, and experimental research.   
Conclusion 
At the time of a health-related crisis, messages matter. Well-constructed messages 
can change the outcome of a crisis by convincing individuals to take protective action and 
helping them understand the scope of a crisis and how it relates to them (Veil et al., 
2008). Although these messages have traditionally been distributed via mass 
communication channels, SNS has been identified as a channel where individuals are 
already exchanging messages about health crises (Sutton, League, et al., 2015; Vos & 
Buckner, 2016) and a channel where organizations charged with communicating to the 
public about health-related crises need to be more effective in disseminating messages 
(Vos & Buckner, 2016).  
This study contributed to the research in these areas by identifying a theoretical 
framework through which to understand the diffusion of messages on SNS, DOI (Rogers, 
2003). By conceptualizing messages as innovations and message design elements as the 
characteristics of an innovation, this study draws attention to the importance of message 
design to the diffusion of messages on SNS. The results from this study show that 
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differences in how a message is designed in terms of its content, structure, and style 
influence the amplification of message on SNS. In other words, message design affects 
the reach of message on SNS. The results also suggest that message elements that 
increase the persuasive value of a message in terms of changes in attitude and message 
recall also may increase the amplification of messages on SNS, increasing the exposure 
of the message and the opportunities for the message to influence individuals.  In 
addition, using DOI as a framework through which to conceptualize communication on 
SNS is valuable because it suggests many areas for future investigation, most notably the 
relationship between message amplification and increased persuasion (in terms of attitude 
change) as a result of receiving messages from members of one’s own social network.  
From a practical standpoint, this study identified specific message design 
strategies that agencies charged with communicating with the public during a public 
health crisis can implement to increase the exposure of their messages on SNS. By using 
these strategies, agencies can communicate more effectively with their constituents at the 
time of a public health emergency. SNS have the potential to facilitate the 
communication of messages quickly. Using SNS effectively has the potential to save 
lives.  
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Appendix A 
Timeline of the 2014 Ebola Crisis in the United States 
Sept. 20: Patient 0 (Thomas Eric Duncan) arrives in Dallas 
Sept. 24: Duncan develops symptoms 
Sept. 25: Duncan seeks medical care but is sent home. 
Sept. 28: Duncan returns to hospital and placed in isolation. 
Sept. 30: Ebola test confirmed. Nurses begin wearing hazmat suits. 
Oct. 8: Duncan dies. 
Oct. 10: Nurse Amber Vinson flies from Dallas to Cleveland. 
Nurse Nina Pham reports a fever and is isolated. 
Oct. 11: Pham is confirmed to have Ebola. 
Oct. 13: Nurse Amber Vinson flies from Cleveland to Dallas 
Oct. 14: Vinson reports a fever and is isolated. 
Nurses union complains about Dallas hospital training. 
Oct. 15: Vinson tests positive for Ebola.  
News of her plane flight becomes public. 
Obama cancels trip and holds press conference on Ebola. 
Vinson moved to Atlanta for treatment. 
Ohio Department of Health Opens an Ebola-call center. 
 
Oct. 16:  U.S. House of Representatives holds hearings on Ebola Response in the U.S. 
In response to Vinson’s plane flight, one school closes in Akron, two schools 
close in a Cleveland suburb, three schools are closed in Central Texas for 
cleaning, and multiple people are placed on leave/in isolation, including nurses in 
Ohio, Vinson’s family members. 
Pham moved to the NIH hospital in Bethesda. 
 
A Texas Healthcare worker is isolated on a cruise ship with his/her partner. 
CDC announces it wants to contact with people on Vinson’s flight to Cleveland.  
Texas moves to “voluntarily” isolate 100 health workers who treated Duncan 
from public spaces. This includes grocery stores, buses, restaurants, taxis, planes, 
etc.  
Oct. 17: Obama names Ron Klain, Ebola Czar 
Oct. 19: Family of first victim released from quarantine. 
Oct 20/19: Announcement of a military rapid response team for any future cases. 
Oct. 22:  U.S. limits flights from Ebola-stricken countries to 5 airports and announces 
plan to track on monitor travelers from Ebola-stricken countries. 
Oct. 23: Amber Vinson’s family announces that she is free of Ebola. 
NY Doctor tests positive for Ebola (Craig Spencer). 
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A nurse (Hickox) returning from Africa is detained at Newark International 
Airport after a false temperature reading.  
Oct 24: NY Governor Cuomo and NJ Governor Christie announce mandatory 21-day 
quarantines for health workers returning from Africa. 
Oct. 26: 5-year-old NYC boy identified as possible Ebola patient. 
Oct. 27: White House, UN, and other groups (including the New England Journal of 
Medicine) accuse governors of putting politics first; governors appear to back down 
some, allowing for home quarantine. 
5-year-old NYC boy tests negative for Ebola. 
Federal government calls for “active monitoring” of health workers and family 
members and quarantine only in instances of a specific indication for high risk.  
Nurse Hickox is released to Maine.  
US Army isolates a dozen soldiers returning from Liberia at a base in Italy,  
Oct. 28: Vinson released from hospital.  
Nov. 6: Midterm election. News reports on Ebola decrease dramatically. 
Nov. 11: Craig Spencer released from NYC hospital. U.S. is “Ebola-free.” 
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